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FRAGMENTS OF SCIENCE 


th« Hky lh«*y piu’cinvcnl lui HlumlnaUjr; in tlin all»onalrcIir>g 

tin in thft roar of tlrntnlnr and in titn vlnlnneoof tli« itctrii 

m iirtwnuni uf a nlnniinr and of fnrioim atrlkcira; and out of Ihii rail 
id an India, or {.dvnr of nun. --'M ax MunnKH, 

1 

EKFLKcrrKmB ON iniAYmi aku natohai, law 

imn 

MIT) tlui ftppiirant eonfii^iofi iintl eapriaci of mi 
plioijniiHunt, wlii<’h n»uf4f*cl c*motioiiH hontilo to 
it munt for iigoH hava Bamnatl I 
to for law or onlarlj roliilitiit; amt lioforu 

of Itiw <litwmA<l a poll tli« tiiifoltliiig liumfiii ’ 
r* citharwim^ iuaxplioiililii ofTaota rofarrotl to 

d iincniay* In tin* full <if a r*atiirat*t tlio mivnim 

1p{1|'i of a Hpirit, nml tlio oolioml wt 

Ifio liiitiiiiioro'liifig of nn goil l*ro| 

of llioi4ii iorriTilt! |mworH W'lia ilio 
ifioti mom otToriiil to ilio <lomoti» of onrtli iifitl nil 


I. Probably every change from ancient auvagery to 
esent enlightenment liaa excited, in a greater or leas 
ee, fears of this kind. But the fact is, tliat wo h; 
t yet determined whether its present form is nocess 
the life and warrntli of religious feeling. Wo may 
linking the imperishable with the transitory, and c 
ind the living plant with the decaying pole to whiol 
ags. My object, however, at present is not to ai^ 
t to mark a tendency. Wo have ceased to propiti 
1 powers of nature — ceased oven to pray for things 
nifest contradiction to natural laws. In Protest 
intries, at least, I think it is eoneeded that tho ; 
miracles is past. 

At an auberge near the foot of the Rhone gtaoier 
it, in the summer of 1868, an athletio young prh 
lO, after a solid breakfast, including a l)OtUe of wi 
ormed me that he had come up to “bless tho mo 
ns.” This was the annual custom of tho place. Y 
year the Highest was entreated, by official intorcessc 
make such meteorological arrangomonte m should 
:e food and shelter for tlie flocks and herds of 
laisians. A diversion of tho Rhone, or a deepening 
5 river’s bed, would, at the time I now mention, lu 
m of incalculable benefit to the inhabitants of the \ 
But the priest would have shrunk from the idea 
dng the Omnipotent to open a now channel for ■ 
■er, or to cause a portion of it to flow over tho Grim 
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US, and ve look with, suspicion and dislik 
losophy, the apparent tendency of which i; 
up. Probably every change from ancient sj 
present enlightenment has excited, in a grca 
gree, fears of this kind. But the fact is, 
not yet determined whether its present fori 
to the life and warmth of religious feeling, 
in linking the imperishable with the transi 
found the living plant with the decaying p< 
clings. My object, however; at present is 
but to mark a tendency. Wo have ceaBe<; 
the powers of nature — ceased even to pray 
manifest contradiction to natural laws, 
countries, at least, I think it is eonoodod 
of miracles is past. 

At an auberge near the foot of the Bh 
met, in the summer of 1868 , an atliletio 
who, after a solid breakfast, including a h 
informed me that he had come up to “hi 
tains.” This was the annual custom of th< 
by year the Highest was entreated, by officii 
to make such meteorological arrangements 
sure food and shelter for the flocks and 
Valaisians. A diversion of the Ehono, or i 

x!. T ^ 


ON PRAYER AND NATURAL LAW 


sf which he manifestly thought lay quite within 
ids of the natural and non-miraouloua. A Prote 
leman who was present at the time smiled at thi 
. He had no faith in the priest’s blessing; stil 
aed his prayer different in kind from a ref 
pen a now river-out, or to cause the water to 
ill. 

n a similar manner the same Protostont genth 
Id doubtless smile at the honest ’I'yrohise priest, 
a he feared the bursting of a glueicr dum, offerei 
ifloe of tlie Mass upon the ice as a means of uve 
calamity. That jioor man did not exjKu’.t to eoi 
i<^ into adamant, or to strengthen its texture, t 
nable it to withstand the proasure of the water; 
he expect that his sacrifh'o would cause the strea 
back upon its smmm and relieve him, 1>y a mil 
;is prasenoe. Put beyond the lioundiuries of his ki 
I lay a region where min was generated, ho know 
. lie was not so presumptuous as to exptset a i 
but ho (irmly believed tliat in ;yoiulcr cliiml-laml 
could Vic ho arranged, without, trespass on the rni 
, that the stream which threatened him and his pi 
lid be causcfl to shrink witfiin its pro{>er bonmls. 
$oth these priests fasltioned that which they did 
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them went mad in the pursuit of this obj« 
in such a consummation, involving, as it 
personal profit to the inventor, was extre; 
and every attempt to destroy this faith was 
resentment on the part of those who hold 
however, as men became more and more a 
the true functions of machinery, the dre 
The hope of getting work out of more nil 
' hinations disappeared: but still there roin 
speculator a cloud-land denser than that w 
imagination of the Tyrolese priest, and ou 
still hoped to evolve perpetual motion. '1 
mystic store of cheinio foroe, which nohod 
there were heat and light, electricity and i 
competent to produce mechanical motion.* 
was the mine in which our gem must ha »oi 
ified and more refined form of tlio anoient 
and, for aught I know, a remnant of saiigi 
may at the present moment he engaged on 
which like-minded men in former ages loft 
And why should a perpetual motion, ova 
em conditions, be impossible? The answer 
tibn is the statement of that groat genera! iicit 
Boienoe, which is known under the nawo of 
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from teaven, or deflect toward U8 a BiiiKle beatii of the 
sun. Those, therefore, who holiovu that tlui minicithuiH 
is still active in nature, may, with porftM-t consiHlfiiry, 
Join incur periodic prayers for fair weather and f<»r rniii: 
while those who hold that the age of miraeleH is past will, 
if they he consistent, refuse to join in thc.sn itctitionx. 
And these lattei’, if they wisli to fall hack upon mich a 
justification, may fairly urge that the luUmt com'luf4i,.u.H 
of science are in perfect acoovdance with the dtH-tnno of 
the Master Himself, which inanifcHtly was tliat the duo 
tribution of natural phenomena is not aireetiul hy niond 
or religious causes. “Ho maketh lUs sun to rise <iu the 
evil and on the good, and scndotli rain on tlie just and on 
the unjust.’’ Granting “tlic power of I''rec Will in lunii," 
so strongly claimed by Professor Mauscl in his iidiniraMu 
defence of the belief in miracles, and HHsnniing tint ctlH'jK'y 
of free prayer to produce changos in external nafnrr', it 
necessarily follows that natural laws are more or at 
the mercy of man’s volition, and no eoiieliiHii.u founded 
on the assumed permanence of tlumo laws wouh! he woi 'diy 
of confidence. 

It is a wholesome sign for hlngland that she niuid-.T» 
among her clergy men wise enough to imder.Htuml nil ihm. 
and courageous enougli to act up to their kiiowli-drc. 
Such men do service to public clmracier, hy cjtcuiiraf.'mg 
a manly and intelligent conflict with the real .-iius. !* .,f 
disease and scarcity, instead of a deUiHive reliunee on sn. 
pernatural aid. But they have also a value lun-oud thm 
local, and temporary one. They prepare tlm pul.lin „nt.d 
for changes which, though inevitable, etmld hardly, with, 
out such preparation, be wrought without viulem-e. Hon 
is strong; still, water in crystallijsing will aldver an iron 
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envelope, and tlie more unyielding the metal is, the worse 
for its safety. There are in the world men who would 
encompass philosophic speculation by a rigid envelope, 
hoping thereby to restrain it, but in reality giving it ex- 
plosive force. In England, thanks to men of the stamp to 
which I have alluded, scope is gradually given to thought 
for changes of aggregation, and the envelope slowly alters 
its form, in accordance with the necessities of the time. 


The proximate origin of the foregoing alight article, and probably the re- 
moter origin of the next following one, was this. Some years ago, a day 
of prayer and humiliation, on account of a bad harvest, was appointed by the 
proper religious authorities; but certain clergymen of the Church of England, 
doubting the wisdom of the demonstration, declined to join in the services of 
the day. For this act of nonconformity they were severely censured by some 
of their brethren. Rightly or wrongly, my sympathies were on the side of 
these men ; and, to lend them a helping hand in their struggle against odds, 
I inserted the foregoing chapter in a little book entitled “Mountaineering in 
1861,” Some time subsequently I received from a gentleman of great weight 
and distinction in the scientific world, and, I believe, of perfect orthodoxy in 
the religious one, a note directing my attention to an exceedingly thoughtful 
article on Prayer and Cholera in the “Pall Mall G-azette.” My eminent corre- 
spondent deemed the article a fair answer to the remarks made by me in 1861. 
I, also, was struck by the temper and ability of the article, but I could not 
deem its arguments satisfactory, and in a short note to the editor of the “Pall 
Mall G-azette” I ventured to state so much. This letter elicited some very able 
replies, and a second leading article was also devoted to the subject. In answer 
to all, I risked the publication of a second letter, and soon afterward, by an 
extremely courteous note from the editor, the discussion was closed. 

Though thus stopped locally, the discussion flowed in other directions. Ser- 
mons were preached, essays were published, articles were written, while -a 
copious correspondence occupied the pages of some of the religious newspapers. 
It gave mo sincere pleasure to notice that the discussion, save in a few cases 
where natural coarseness had the upper hand, was conducted with a minimum 
of vituperation. The severity shown was hardly more than sufficient to demon- 
strate earnestness, while gentlemanly feeling was too predominant to permit 
that earnestness to contract itself to bigotry or to clothe itself in abuse. It was 
probably the memory of this discussion which caused another excellent friend 
of mine to recommend to my perusal the exceedingly able work which in the 
next article I have endeavored to review. 



w, Wrt^lev’B hook belongs to that class of writing of which Rith.r tt«y l« 
taken as the type. It Is strong, genuine argumnnt nlMuit dlfllcult niaiion*. fairly 
tracing what t» diffloult, tolrly trying to grapple, not with what apiawa gW 
andsteong point of a question, but wltlx what really at botum. la the knot of 
it. It is a book tlio reasoning of which may not satisfy ovary r.na. . . . Hot 
we think it is a book for people who wish hr hoo a groat a..hJo<-t l.au.ll.sl on a 
scale which befits it, and with a porcoption of Its real ol.'intMiU.. It (« a l«».k 
which will have attractions for tlioso who like U> not. a pr.worfnl mlo.l l'<if 
itself, without shrinking or holding back, without Irlok or r.^arv.. or show ..f 
any kind, as a wrestler closes body to body with his anlrrgonlst. lira air.. 0 Keh 

of an adverse and powerful argumont-TtMKH, Ths/rr/uy. Juox f>. l««'h 

We should add, that the faults of tho work are wholly m Um stirfa.'.. »ia! in 
the arrangement; that tho matter la as solid and as kigioal m tl»»l of l»«*k 
within recent memory, and tliat it abouudii In striking paaaaga*. of wbi. t, wa 
have scarcely been able even to give a aamplo. No future argnar 

miracles can afford to pass It over.— H at UUDAY Itavisw, la. 


II 

MIBAOLBS AND SPEOIAL PBOVIDBKOKH ’ 

1801 

I T is my privilege to enjoy tho frioiidHliip of a HoliHit 
number of religious men, with whom I otmvorao 
frankly upon theological aubjccta, t'xprr’HHing wiiiioiit 
disguise the notions and opinions 1 enturtain rogardiog 
their tenets, and hearing in return tlims notions nml opin- 
ions subjected to criticism. I have thus far foiimi Ukmh 
liberal and loving men, patient in hearing, tolnranl m 
reply, who know how to roconcilo the diilips of rouriruy 
with the earnestness of debate. From one of theiw, nearly 
a year ago, I received a note, recommending nlronglv U) 
my attention the volume of “Bampton IiwrtiireH'' for 

• “Bortnlghtly Boviaw." N*w Barlw, v«l 1. p. U&. 
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acquaintance of tlie work tlirougli an able and elaborate 
review of it in tlie “Times.” The combined oileot of the 
letter and the review was to make the book the companion 
of my Buinmor tour in the Alps. There, during the wet 
and snowy days which wore only too prevalent in 1806, 
and during tho days of rest interpolated between days of 
toil, 1 made myself mom thoroughly conversant with Mr. 
Moi', ley’s volume. I found it clear and stnuig-— an iiilol- 
lecttittl tonic, ns bracing and pleasant to my mind as tho 
keen air of tho mountains was to my body. B’rom time 
to time I jotted down thoughts regarding it, intending 
afterward to work them up into a coherent whole. Other 
duties, lio\v(>.ver, intcrferi-il with the eomplelc carrying 
out of this intentitm, and what I wrote last summer 1 now 
publish, not hoping to be able, within any reasonable time, 
to reiulor my defence, of sciontifio method more complete. 

Mr. Mo;iley refers at tho outset of his Uisk to the move- 
ment against miracles which of laic years has taken place, 
and which determined his choiwi of a Hubjeel. acquits 
modern science of having had any great si. ant in the pro- 
duction of this movement. Tho objection against miraclea, 
he says, iloea not arise from any nunuto km>wlodge of the 
laws of nature, hut aimply because they are tjppuaed to 
that plain and obvious order of nature which everyhody 
Bees. 'I’he prewmt movement Is, he thinks, to Im useriWd 
to the greaUw oamestnoss and pentumtiim tif the present 
age. Formerly miracles wore aecepteil without (pjesthm, 
booauBO without refleotion; but the exereise of the “his- 
torie imagination” is a chsraetoristio of our own tima 
Men are now aeou»U>med to place V>efare themselves vivid 
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images of historic facte; and when a jnira.do tu vu-w, 

they halt before tho iiHtoundiiig occunmi-i', uu.i. ivuh/.uig 
it with the same cloarness us if it wciv ii..w 
their eyes, they ask thonmolvcs, "(iuii iliis !ia\f 
place?” In some instances tlio elT<trt ht uiih\v<t Iliis 
tion has led to a disbelief in niirael.-s, in otte rs t-- a 
strengthening of belief. Tim aim of Mr. M.c.leyte b rt.nva 
is to show that tho strougUiening "f bt-ii.-f i.s lie’ r.'- 

suit which ought to follow from the f-\!iiitiiiati<»ii uf th.- fa. ! , 
Attempts have been niiale by irliKH'its mni !•. buna 
the Scripture miracles within tim Hfope i-l tin- ..i.br i<f 
nature, but all such attempts an* rcjeeled b\ Mr. y 

as utterly futile and widi' of the iimrh. Uri-. ii.iine ion 
acles as a noccHHary m'coinpauiini'nt uf a ri'\ rlaiiitn, tiitar 
evideutial value in liis vyvH (le|HniilH rntiirlv n|*»tn !h« ir 
deviation from tlie or<Icr of iialurt*. tltn lafuf;; , iht y 

suggest and illustrate a powe.r ltif,'!icr than u ”}•* i- 

sonal wiir^; and tliey eonumnul the prr.Hnu in 
power is vested as a niesHen^rr from on laf»h. Waiteoit 
these credentials such a inoHHtmger wtmlti huvo am n^dii lo 
demand belief, ovon wore his uHHoriitmH r«>mr-hng hm 
Divine mission baokotl by i\ holy liftn Hat in it b> mir- 
acles alone that tho order of nature in, or may bi*, 
turbed. Tlio material universe in also the ureua nf 
cial providences.’’ Under these iwt) lumiU Mr. Mo. l. y 
distributes the total preternatuntL One ftiraa of Uh’ pri’* 
ternatural may shade into the otlier, hh one etdnr puMrirs 
into another in the rainbow; but, while tha Hue wUwh 
divides the specially providential from the minuniluim eau- 
not be sharply drawn, their dmtinetion IjrtnuUy 
is this: that, while a special providemm can only 
surmise more or less probable, it is ’‘tlm nature uf a mir- 
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acle to give proof, as distinguished from mero surmise, 
of Divine design,’* 

Mr, Mossley adduces various illustrations of what ho 
regards to be special providences, as distinguiBhed from 
miracles. ‘‘The death of Arius,’* he says, ‘‘whs not lui- 
raciilouB, beeauHo the coincidence of the death of a hero- 
siarch taking place when it was peculiarly advantageous 
to the orthodox faith , . . was not such as to compel 
tlie inference of extraordinary Divine agtuicy; but it was 
a special providence, because it earritul a reasonable ap- 
pearance of it. The miracle of tlie Tluuuh^ring Legion 
was a special jirovidenee, but not a miracle, for the samo 
reason, becauie«the eDinc 3 id 6 noe of an instantaneous fail of 
rain, in answer to prayer, carried soma appearance, hut 
not proob of preternatural agmiey,” The uminent leo- 
turt'r’s remarks on this head bn)ught to my rtnsollectitm 
eertam narratives puhlishad in Methodist magaisines, which 
1 used to raatl with avidity when a boy. The general 
title of these exciting staries, if I rtnnemlier rights was 
“The Drovidence <d (}od Asm‘rttul/* and in tluuu tlu’ most 
extracirdinarj twapt^s from peril weret rccounknl and as* 
e.ril>ed to prayer, while equally wcuulerful iiistaiu'cH of 
calamity were adtltu’cd as illustrations of Divine rtitrilm- 
tiom In sucdi magaxinos, or tdsewhere, I found recorded 
the ease of the celebratod Bamuel Hick, whicli, m it illus* 
trut«*H a whole elass of ifaioial providences fip[»roaching in 
eomduHivenesH to miraoles, is worthy of mention Imre* It 
is ridated of tins lady man tliat, on aim ocoiisioti, flour was 
lacking to make tho wuTamcntiil breach Cirain was prt’S- 
ent, and a windmill was present, but tlicre? was tm wdnd 
to grind the corn. With faith iindoubiing, Bamuid Hick 
j.>myed to the Lord of the winds: the siiils turiicid, thu 
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corn was ground, after wl.ieli the wind <'ea.M-d. A.v,.,d 

ing to the canon of tl.c Jhimpton L.rluivr, i!us. 
carrying a strong appeiiraiiee of an innnediaie > \> lii-e -e 
Divine energy, lacks l»y ii hair-hivadth tin- .jua u 

miracle. J?or the wind viii/ht have arisen, and . ‘ ' i ^ 

ceased, in the orditmiyeour.se of iminiv. II. -n.-. (i:.- . 

currence did not “eoiu]iel the inhT.M;.'.- r\ tr.n.r..- ai v 
Divine agency.” Jn like inanner .Mr. W - i- v 

that “the appearance of tlio cross to t ',.n tautn ■ :■ .» 

miracle, or a spoeial, proviileiiee, ii.-.-.n-d.ii..- |.. v . .* . 
count of it wo adojit. As only a lueii-'ne ap; ■ .o - • ■ ■ 

the shape of a cross it gave, some tok. n o; pr. n i . . ! 

agency, hut not full evidiuiee. ' ' 

In the Catholic canton <tf Svvii.,fi:..i.d ui.. "' 1 ■ 

write, and still more nniong tlie pioti.'. Tm'. ■ . • 

tains are dotted with shrines, coiitainn. ■ no.' . .. 1 

kinds, in ackiiowlcilginenl of special e.-T.-;. , 

arm.s, and hands'-'of g;idd, silver, hi.;."'.', :o. 1 i, a* . .i , 

ing as worldly jiossessions enahhd tin- > lai. mi i- '■> 
express its indehlediioHS. Most of i ln»- oif.-i 
to the Virgin Mary. 'I'hey nn' n .'o.'nilio!; . . ; 

providence, s,” wrought through tlie in triinoo.'.tl;! . ■ 
Mother of (rod. Mr. Mozley's hcli.d, tiinl of f M ; 
odist chronicler, and tliat of the Tyndf-c .u.i, ao . 
stantially the same. Kaeh of ihein a.-m.intie. ilor' i..o , 
instead of flowing ever onward in the nnnit u.i;' 1 
rhythm of eauso tnid elTeet, is niediaf.-ly ntlc-i i.-. 
free human will. A.s rcgarils iliir.-t nelit.n j .i .i:,: 

phenomena, man’s wish and will, as e.spres.H.-.i m pi.,..!, 
are confessedly powerless; hut prayer I.h Uit> ingc. i i,.. !i 
liberates the Divine power, and to this extent, if ti..- v, til 
be free, man, of course, commands nainro. 



Did tlie existence of this "belief depend solely upon 
be material bonofits derived from it, it could not, in rny 
pinion, last a decade. As a purely objective fact, we 
hould soon see that the distribution of natural plienom- 
na is unaffected by the merits or the demerits of men; 
bat the law of gravitation crushes the simple worshippers 
f Oltery Bt. Mary, while singing their hymns, just as 
iu’(dy as if they wtsre i'.ngng<!d in a midnight brawl. The 
old of this belief upon the human mind is not due to 
utward verilioation, but to the inner warmth, force, and 
levation with which it is commonly UHSiiciuleil. It is 
hiin, however, that these feelings may e.^ist under the 
lost various forms. They are not limited to (Ihnreh of 
Inglund Protestantism — they are not even litnikid to 
diristiniiitv. 'I’lioiigh b'ss rellm'd, limy arc eertaiuly not 
‘MS strong in the heart of tln^ Mt'thudist and the 'I'yrolesa 
easaiit than in the heart tff Mr. M«t}}ley. Indeed, thtm® 
smlings holong to the primal powera of man’s nature. A 
seeptic” may have them. They find vent in the battle* 
ry of tlie Moslem. Tln'y take hue nml birm in the hunt- 
rig gronnds of the lied Indian; and raise all of them, as 
hey raise the I'.hnstian, upon a wave of vicUmy, above 
he terrors of the grave. 

The eharaeter, tlum, of a miracle, as distinguished from 
special providence, is that the formt^r funiislies i>rat>t\ 
rhile in the cane of the latter we have only surmise, 
lissolvf! the ehunent of doubt, ami the alleged fact passes 
rnm the «me ehm.’< of the preternatural into the other. In 
ither wonls, if a special providence could be proved to 
le a Hjieejal provnlenee, it would cc’sho to Is* a special 
irtividencc and beeiuni’ a rniraele. Tlcrt? is not tlie least 
iloudincss alsmt Mr. Motley's meaning here. A sjweial 
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providence is a doubtful minifle. Why. th.-n. i.-.i .-.hI! it 
80 ? The terra employed hy Mr. Mo/.l-y 
tive suggestion, wlioroiw the m-gutiuii ..f .•.•rtuu.ty o. thn 
peculiar characteristic of the thing iiit.nuh-.l t.. i- , v. 
pressed. There is an apparent nnwilliiiK.ur^.<« ..n i!..- j.urt 
of the lecturer to call a special pntvidcii. wlni iu < I'wu 
definition makes it to he. Instead of ripc.il.iiie .•{ s! ... 
doubtful miracle, ho calls it "nii invi.Hihic num. h-." lie 
speaks of the point of eontnet of snprrnafmal po-.v> i v. 'h 
the chain of causaliou htdng st> high up as t*- I c v\h. 'U. 
or in part, out of sight, whereas ilic i ^ ^.-n. i- i.! u -j ■ ■ d 

providence is the uneorliiinty whether ih.i<- m ur.\ . n 

tact at all, cither high <ir low. Ify th<- n ■■ of uu : 

rect term, however, a grave danger i.t avoj.icil, h'. ! i t' 
idea of douht, if kept systenmliealiy l'cf.-i'‘ the mn.-i. 
would soon ho fatal to the special provi'ii n« o. . onhj.!- ». >1 
as a means of edilieaLion. The term l•mpl••v*■'!. on li'i' 
contrary, invittis and eneunragi'S llie Inisl whu li m m > > "• 
sary to suppleraeut the eviilence. 

This inner trust, tlnmgli at first rcjcclcii hy Mr. Mo. 'o v 
in favor of external proof, is suhseipnmtly cull. . I u| •■u i.. 
do momontouH duty in regard to iniriedes. Whcn< \i! sic 
evidence of the iniraenlons seems iitcontmfm.iir.tt<' w.tii 
the fact whicli it has to estalilish, or mlher wimn !l«- !.'• i 
is so amazing that hardly any evideiien is suihi-o nt n* « n- 
tablish it, Mr. Mozley invokes "the aiTr> ti«.ns.‘' '{’io-y 

must urge the reason to ae.ee.pt the eoneluHum, from whi.-h 
unaided it recoils. The tilleelioim nml enminnis iito rial- 
nently tlio court of appeal in inutU^ri^ tt! r*nil 
which is an affair of the heart; hut they are uoi, I »ui.- 
init, the court in which to weigh allegations regarding ifm 
credibilitv of nhvsical facts. Those iimsl he iudwed 1"' 
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the dry light of the intellect alone, appeals to the affec- 
tions being reserved for cases where moral elevation, and 
not historic conviction, is the aim. It is, moreover, be- 
cause the result, in the case under consideration, is 
deemed desirable that the affections are called upon to 
back it. If undesirable, they would, with equal right, 
be called upon to act the other way. Even to the disci- 
plined scientific mind this would be a dangerous doctrine. 
A favorite theory — ^the desire to establish or avoid a cer- 
tain result — can so warp the mind as to destroy its powers 
of estimating facts. I have known men to work for years 
under a fascination of this kind, unable to extricate them- 
selves from its fatal influence. They had certain data, 
but not, as it happened, enough. By a process exactly 
analogous to that invoked by Mr, Mozley, they supple- 
mented the data, and went wrong. From that hour their 
intellects were so blinded to the perception of adverse 
phenomena that they never reached truth. If, then, to 
the disciplined scientific mind, this incongruous mixture 
of proof and trust be fraught with danger, what must it 
be to the indiscriminate audience which Mr. Mozley ad- 
dresses? In calling upon this agency he acts the part 
of Frankenstein. It is a monster thus evoked that we 
see stalking abroad, in the degrading spiritualistic phe- 
nomena of the present day. Again, I say, where the aim 
is to elevate the mind, to quicken the moral sense, to 
kindle the fire of religion in the soul, let the affections 
by all means be invoked; but they must not be permitted 
to color our reports, or to influence our acceptance of re- 
ports of occurrences in external nature. Testimony as to 
natural facts is worthless when wrapped in this atmos- 
phere of the affections; the most earnest subjective truth 
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being thus rendered perfectly coiniuUihlt' with tine iiu*t 
astounding objective error. 

There are qiiestituiH in judging of wliioh the affeotjonii 
or sympathies arc often our licst guidc.'t, the uf 

moral goodness being one of tluw. Hiit at thw jirwuM 
point, where they are really of uhc, Mr. MttzU'V «xiduih>» 
the affections and ilcimindH a iniratde as a rorliilcftto ttf 
character. JIo will not accept any other uviibueo tsf the 
perfect goodness of Christ. “No (lutwaril Ufo hiuI o»»ii" 
duct," he says, "liowovor irroproiudmhh', r«»til.I prtivo lIis 
perfect sinleasness, Ikhuuiho geaidncss dfjwotiln HjKiti iho 
inward motive, and tlio perfection of ihe inward titoUvn 
is not proved hy the outward act." It«t »mr»dy the mira- 
cle is an outward act, and to pans from tl to the inner 
motive impoHo.s a greater strain upon logio thun tliat tn« 
volved in our ordinary methods of cstitimiiug mtm. 'ThcrM 
is, at least, moral congrnity between the outward gcwnlni-jw 
and the inner life, Inii. tliuro is no such cimgruily holwiwn 
the miracle and the life within. Tito t«**t of rmiml g-n..!- 
ness laid down by Mr. Moaley i» imt tho kwt of Ji.Im, 
who says, "Ho that doeth riglitoonanwHa is rightcHout '; 
nor is it the tost of Jeausj "ily their fruits yw shall 
know them: do men gather gmjKW of thorns, or figs of 
thistles?" But it ia the test of anolhnr; '’If thmi Wi th« 
Son of Hod, command that those Mtones bo ntadti broiwl. " 
For my own part, I prefer the altitudo of Fiahte to that of 
Mr. Mozlcy. "The .Jesus of John," »y« tkik mhh, and 
mighty thinker, "knows no other Hod than ibw Trim 
in whom we all are, and live, and may blessotl, and 
out of whom there is only Death and Nothingtiem 
And," continues Fichte, “he appeal*, end rightly ap- 
peals, in support of this ixutb, not to mweaing, but to 
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sucli works as no other luiu^ dM. h**' -orht, 
speaking, to accept the w(»rkH o( m. llm luum*, 

had cast out dcvllH, as (hmion.^trutiiii^ a prMpwriu^n.dr r-.*.!- 
ness on their part, But it in inniplr *a tin., r uu^ 

consigned to cvorluHting lire prt^piirml i^r fh.* 4, % 7 
his angek Sxudi ;',cal ns that c»f Mr. 1 - i ■ :» h 

tends, I fear, to cut liis ndiginu up. ’rhr '.n-,. i'm. uh 
to stifle the Hj)iritiuiL The truly rr: . n. . * no 

miraonlons proof of tho gcHiclur.N.-^ (U t ui:v» 1 1 * 
addrossed to Matthew at tlie nvnpt «*! ruMi.-in 1 -iu t,- i 
no miracle to produce uhetlieuef*. It I , 1 ,^* r .4 
the supernatural that JesuH eiamett {iu»^r f <> 11 

to go backward and fall tn tin* prtnuiU. fi li:.- 
lime and holy cllliuuiee fnatj wtihui, v. hnu i** 4 m, 

prodigy to coiuinaud it to the reverrji* r ri.ru L.-. 

As regards tlu^ fuiietinn td uarnrii-o m flir inu; .1,= ,u 
a religion, Mr. Mo/,h\v instilutrH n ri.iuj i«ru‘u»n i-* !’.*.•* 1. fr.' 
religion of Christ and that cd Malnuiii*'; .ur 4 K«- >;*! 
the latter as “irratioimr’ lirrauM* u n. i | j . . ui 

adduce miracloB in pread of supmiaiui.u j-n. i |; a 
the religion of Malioiuet, notwiihi«tiunling lii s j,, 

has thriven in tho worhl, and at luir tnur a i.« 
over larger |)o[)ulationH tijan a r-f i^r 

spread and inlhienee of (ninstmiutv urr, s- 

forward by Mr. Mus'Joy an pmununa, 
incalculable practical result* of Chrsf^iiatj iimrju « n, 1 r«* 
makes use of this result iu atreupilim hu^ p « ''a ti.*- 
miraculous. Ilis logical warrant f«ir ilm^ pi.^ r* sn 
not clear. It la the niethotl id pru'inH*, mlsm u pLr 
nomenon presentH itsaU, toward iho pniduriiMU *4 v. iu-h 
several elemontB may contrilnitc. n* i’\rludr ‘ . T - 
ty one, so as to arrive at length at ihi. irn,% <•;!. ' •, «• 
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cause. Heat, for example, is associated witli a phe- 
uomenou', we exclude heat, but the phenomenon re- 
mains: hence, heat is not its cause. Magnetism is 
associated with a phenomenon; we exclude magnetism, 
but the phenomenon remains: hence, magnetism is not 
its cause. Thus, also, when we seek the cause of a 
diffusion of a religion — whether it be due to miracles, 
or to the spiritual force of its founders — we exclude the 
miracles, and, finding the result unchanged, we infer 
that miracles are not the effective cause. This impor- 
tant experiment Mohammedanism has made for us. It 
has lived and spread without miracles; and to assert, in 
the face of this, that Christianity has spread lecavse 
of miracles, is, I submit, opposed both to the spirit of 
science and the common-sense of mankind. 

The incongruity of inferring moral goodness from 
miraculous power has been dwelt upon above; in 
other particular also the strain put by Mr. Mozley upon 
miracles is, I think, more than they can bear. In con- 
sistency with his principles, it is difficult to see how he 
is to draw from the miracles of Christ any certain conclu- 
sion as to His Divine nature. He dwells very forcibly 
on what he calls “the argument from experience,’’ in 
the demolition of which he takes obvious delight. He 
destroys the argument, and repeats it, for the mere pleas- 
ure of again and again knocking the breath out of it. 
Experience, he urges, can only deal with the past; and 
the moment we attempt to project ‘experience a hair- 
breadth beyond the point it has at any moment reached, 
we are condemned by reason. It appears to me that 
when he infers from Christ’s miracles a Divine and alto- 
gether superhuman energy, Mr. Mozley places himself 
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precisely under this coudotuniition. K-t what i>4 his hij^ 
ioal ground for concluding llmt ilu' niirnrii-« .if ii,„ 
Testament illustrate Divine juiwi-ry .Mhv thi'v ii«.t t(j| 
result of expanded Immuu power? A iiuriiel.' i.,, 
as something impossible to imui. liut h,. 

that 'the miracles of the New 'I'i^Iuhk nt ui.- 
to man? Seek as ho may, ho has iih.-nilu!. 'v im numn 
to adduce save tluH—that niiin Ims to vir hiihfrtn n.T. nj. 
plished such thinga But does the fuel ttmt mmi hm 
never raised the dead prove that hn f in t-\tr th( 

dead? “Assuredly not," iiutHt Im .Mr .M. <.•!,. v 'a i.ply 
“for this would ho pushing osperh-tiee th,- p,,,,! 

it has now reached— whioh 1 prcinnime.' un’.iv. ful “ 
a period may ooino when man wiH h.- i,, ra- 1 .' ih^ 

dead. If this he concodod— and I ih. n^'t 1..v, Mr, 
Mozloy can avoid tho coneesanin a ih-atn.^ i! ■ 
sity of inforriiig Clu-ist's Divittiiv fr..m IP . 

Ho, it may ho contended, unteilaf.-d i!u< huniiuaiv 
the future; as a mighty tidal wave h-m,!. h . h 
the beaoh a mark which hy and hy !.e.’.,«i. to. k* 
level of tho ocean. Turn tho imaier n« v. 'i wPl. 
other warrant will he found for the nil imp-.rtant ,..n. 
elusion that Christ's miracles clemon»tniU- linn.e 
than an argument which hiia hmi stigioaiun’d hv Mr, 
Mozley as a “ropu of sand"— the urgniueni fr*-iu < v|m, 
rionce. 

The learned Bampion licciurer would Im u. th;<« 
tion, oven had ho scon with Ids own i-veH i verv ouno !< 
recorded in the New Testament. But' he h«« „,.f 
these miracles; and his inudlectual pligf.t m th.-r. f..« 
worse. He accepts these mimcles on i,'«tun..uv. Wm 
does he believe that testimony? How dmjs h„ know ihui 
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it is not delusion; liow" is lie sure that it is not even 
fraud ? He will answer that the writing hears the marks 
of sobriety and truth; and that in many cases the bearers 
of this message to mankind sealed it with their blood. 
Granted with all my heart; but whence the value of all 
this? Is it not solely derived from the fact that men, 
as we know them^ do not sacrifice their lives in the attesta- 
tion of that which they know to be untrue ? Does not the 
entire value of the testimony of the Apostles depend ulti- 
mately upon our experience of human nature? It ap- 
pears, then, that those said to have seen the miracles 
based their inferences from what they saw on the argu- 
ment from experience; and that Mr. Mozley bases his 
belief in their testimony on the same argument. The 
weakness of his conclusion is quadrupled by this double 
insertion of a principle of belief, to which he flatly denies 
rationality. His reasoning, in fact, cuts two ways — if it 
destroys our trust in the order of nature, it far more effect- 
ually abolishes the basis on which Mr, Mozley seeks to 
found the Christian religion. 

Over this argument from experience, which at bottom 
is his argument, Mr. Mozley rides rough-shod. There 
is a dash of scorn in the energy with which he tramples 
on it. Probably some previous writer had made too much 
of it, and thus invited his powerful assault. Finding the 
difficulty of belief in miracles to rise from their being in 
contradiction to the order of nature, he sets himself to 
examine the grounds of our belief in that order. With 
a vigor of logic rarely equalled, and with a confidence 
in its conclusions never surpassed, he disposes of this 
belief in a manner calculated to startle those who, witk- 

SCIENCE — VI — 2 
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out due examination, had ooino t<. t!f thut 

the order of nature was seeuri'. 

■Whatwe moan, ho says, hj o'lr n» r ..f 

nature, is the holiof that the future \ m \\ l-e ht.e the 
There is not, according to Mr. M>odi v, the eh-ht. t lu- 
tional basis for this ladief. 

“Thafc any CftUHO in ujituniiH morn Utnu iu 4 Iti 

efecfcs, oxliomlintj iurUinr, ivmi nbout U» |n. 4 ui-o t n-A t;. .;*• » . . » 

besidoawliatUhaaproduoodalrniMly, wnhavoint 

ho conthiuoB, *‘tho CKsaurrnnno of a pnrUrnlfu |‘ln o* a ■ e 

time. Upon that Rinj<h' notnirremm wn nlnntM l.u^o ]- .i ^ . .. . .-j 

poctationof anothor, U Udidnamr upmt, ou. o ♦.$ ut . . , r. . . . 

kg on another oeoummeo, a c<v<HsUtnn \v»mM j a 4 

tons. Bui lot it coniinuo oun himilrtHl mnl ;;4 4 j ♦ rta u 

in inviting porHOim Jtrnni a iliHtniu'o to hoimE ; »Jitl If li <.►>* ,». 1* 4 » *» *i a** 
years, its occurrouoo would hn a I’t'riaiiity to ih, lU r^n i..a . .4 
What ground of roasou can wn a^Hign fnr nn . 4 s >» 

courao of nature will ho thn nnxt uummut wliat it Inm l*«» n uj< t*» U.if? .« 

1.0. for our belief hi tho imifonihiy of iiauimT Nm *b i u ^ j 

can bo given, for tho contrary lo tho rotnirnuu-o uf a faai .-f jts j..., , . 

tradiction. Koprobahlo roiiHim nvu Ih» givon; for all ptu!.44M.i j. u 1 

ing tho courso of natnro is fuiuidi*<i ujum ihm pti'^atuninu.tt *4 hk* •^■s. v 4 
therefore cannot bo tJio foimdatUm uf It. No « tui u ? 1 i? ^ U l t 

It is without a reason. It ro«t« njam no miiaiml grauitd^ mA « I *.» 

no rational principle,’* 

“Everything," Mr, Mov.ley, hewover, miiln, 'Mej.. u i > 
upon this belief, every priiviHiou wn jiuiKe l.<r ii>. inuv, , 
every safeguard and wiuliuu wti nj.^uiea ii, .at 

calculation, all adjustment of means l<> emi.i, .• .en thn 
belief; and yet this belief has no mere j.i...|ii. dde h m ,tu 
for it tban a Bpooulalioti (tf faney. ... It jh uee. -enuv, 
all-important for tlio purpuHl^H of life, Imi a.-h-ly tie.il, 
and possesses no iutollootual uhamt’lt'r. . . . 'n.e |,i..j.er 
function,” continues Mr. Mozley, “of tin- tmluetne j.nu- 
ciple, the argument from experieueo, tlie itelief iu i!.e 
order of nature— by whatever phrase wc ilcwigimU’ Ui 
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instinct — is to operate as a practical basis for the afEairs 
of life and the carrying on of human society.” To sum 
up, the belief in the order of nature is general, but it is 
“an unintelligent impulse, of which we can give no 
rational account,” It is inserted into our constitution 
solely to induce us to till our fields, to raise our winter 
fuel, and thus to meet the future on the perfectly gratui- 
tous supposition that it will be like the past. 

“Thus, step by step,” says Mr. Mozley, with the em- 
phasis of a man who feels his position to be a strong one, 
“has philosophy loosened the connection of the order of 
nature with the ground of reason, befriending in exact 
proportion as it has done this the principle of miracles.” 
For “this beUef not having itself a foundation in reason, 
the ground is gone upon which it could be maintained that 
miracles, as opposed to the order of nature, are opposed 
to reason.” When we regard this belief in connection 
with science, “in which connection it receives a more im- 
posing name, and is called the inductive principle,” the 
result is the same. “The inductive principle is only this 
unreasoning impulse applied to a scientifically ascertained 
fact. . . . Science has led up to the fact; but there it 
stops, and for converting this fact into a law, a totally 
unscientific principle comes into play, the same as that 
which generalizes the commonest observation of nature.” 

The eloquent pleader of the cause of miracles passes 
over without a word the results of scientific investigation, 
as proving anything rational regarding the principles or 
method by which such results have been achieved. Here, 
as elsewhere, he declines the test, “By their fruits shall 
ye know them.” Perhaps our best way of proceeding will 
be to give one or two examples of the mode in which men 
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of science apply tlio iininU^lUgfUt iuqmlw' with v.}ii. h Mr. 
Mozley credits tlwm, and whidi h!ik 1! fli.uv, },v liJmini,. 
tioTi, the surrcptitiouH nictluid whiTchv thi-v > luuh {i.mi 
the region of facta to that of Inwf. 

Before the sixteenth century it wioi kiutwu th.a «,»!- i i m 
in a pump; the ollect being then e\j*!;vin>.i h\ thi' 
that “ITature abhors a vaetiuni." It wa« ).••? t^.a 

there was niiyiiniit to tint lieiglit to whi-di th'- wat* i '.i.itild 
ascend, until, on one (K?easiot», tin- giud- )»• i ■ -d 1 I -;, n. 
while attempting to rniae water to a \>ry a ■ h 

found that the column ceiwefl at a hrrfLt ..f ihuiv two 
feet. Beyond this all tlto skill of tin' pn; .p ootk. r • >'!!. t 
not get it to rise. The faet \va,s brought to ih.- . .,f 
Galileo, and ho, soimsd by a worhl wbiih hi*.] n..! 
his science ovor-lcindly, is said to have t.vii!< d t!o p’i;!..t. 
opliy of the lime by remarking that Naiiue . Vi h iitly 
abhorred a vacuum only to a height of tloitv two i.-.t, 
Galileo, liowover, did not solve tiie piohiem. It i-ik.-n 
up by his pupil Torrie.olli, hi whom, after due poii ii I me, 
the thought ocourrod, that the water might be f..i. ,•.} .uUt 
the tube by a pressure applied to the sutf.e i' If.** 
outside. But where, under the uetua! eir.n!,,!,!.*! • . n, w.o* 
such a pressure to bo (mmdy Afu-r mu- h r- Jf.- t: .n, it 
flashed upon TorriociUt tliat the atuumphe r»* snij'Ll I • • 4 
sibly exert this prossuro; that the itnpalpaide a.t lu .-hi 
possess weight, and that a column of waU r ihuiv i»o f. , i 
high might bo of tlio exact weight 
pressure of tlio fttniosphutu in iMjtiilihi'iuiu. 

There is much iu this process of poudrrttig uu.i its 
results which it is impoHsiblo Ui lumlyzi*. It i« by a kiml 
of inspiration that we rise from th« wise aiul se.hdous 
contemplation of facte to the principloH on wbi.-h th.-y 
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be tbe weight of the air ovorheml. II-‘ u fn.-u.i 

to ascend the Puy de DOi.u', carrying with la.a u t-.u,.. 

metric column; uml it wiw foniiil that tiuui.}.' th.- ». . . m 

the column sank, and that tluri»K tlio mit. .. .jn. i,i 4. . . ut 
the column rose. 

Between the time hero rcfcrn'd ta mill thi- }•).">■ ut, mil- 
lions of oxporimoiita have hfoit iimih' uj-'H lia > .u'.j.-. i. 
Every village pump i« au apparalua fur ms-1i i \ j<. i na. 

In thousands of inBlaucoH, murwvt'r, puaij-- h.ii, irfu-i-.l 
to work; but on examination it has mfniht'li, h. . n fMiniil 
that the well was dry, that tlm pump [ i 

or that some other defect in tlui uppunau . i.. . •.nun -i S.-r 
the anomalous action. In every cuhc of iln‘ i.ui-l thi- dI. ill 
of the pump-makor has Iteen found to In’ tlu' tuo’ t* u.< -l v. 
In no case has tiio presauro of tlie tsinuii-ph. ri' (■l•,l;,. .l; 
jonstanoy, as regards tiio lifting of pump w.it.T, luw l« > u 
ritlierto the demonstrated rule of nature. 8n ul ut m ro- 
;ards Pascal’s exporimont, Ilis experiem o inu* Iuh-u iho 
iniversal experience over siuco. Men hnve ehiulH-d luuoji- 
ains, and gone up in balltmus; hut no lieviaijun from 
’asoal's result has ever been obtwrved, Baronii'inii, Uko 
umps, have refused to not; but iiiHU'iid of ijtih. uiiug imy 
uspension of the operations of Nature, or any iul* rf<'ri ju o 
n the part of its Author with Blinosphene pri jumro, ru- 
mination has in every instane.e HxihI the imomuly up.-n 
re instruments themselves. It is this wcl.iuig, thru, of 
gid logic to verifying fact tlmt Mr, Moy-lry refers to im 
unreasoning impulse.” ' 

Let us now briefly consider the case of New ton. Ue- 
»re his time men had occupied tliemselvis wjUi ihe 
roblem of the solar system. Kepler hud dnhirml, from 

vast mass of observations, those general exprtawtuna uf 
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lanetary motion known as “Kepler’s laws.” It had 
een observed that a magnet attracts iron; and by one 
f those flashes of inspiration which reveal to the human 
lind the vast in the minute, the general in the partiou- 
w, it had boon inferred that the force l)y which bodies 
all to the earth might also be an attraction, Newton 
londerod all those things. Ho looked, as was his wont, 
nto the darkncHs until it became entirely luminous, 
low this light arises wo cannot oxitlain; but, as a mat- 
er of fact, it does arise. Lot mo remark hero that this 
:ind of pmulorittg is a process with which tho ancients 
lould have boon but imporfootly acuiuainted. They, for 
he most part, found riie ©xeroise of fantasy more ploas- 
mt than osroful observation, and subsoquont brooding 
>vftr fa<5ts. lltsnoo it is that when thoso whoso educa- 
ion has boon derived from tlie ancients speak of “the 
©ason of man," they are apt to omit from their ooncep- 
ion of reason one of itei moat important factors. ‘Well, 
^Tewton slowly marahalled his thoughts, or rather they 
same tt> him while he “intended his mind," rising like 
i aeries of ittUdli-iaual Ijirths out of chaos. lie made this 
dea of BttnwJtion his own. But, to apply tho idea to the 
wlar system, it was necowtairy to know the magnitude of 
ih« attraction, and tho law of its variation with the dis- 
iance. His conceptions first t>f all passed from the action 
>f the oarUt m a whole to that of its constituent partioles. 
And jtorsistent thought brought more and more olewly 
3Ut tho final cfirudusion that every particle of matter at- 
Incts ovary other particle with a force varying inversely 
m the wjuarti of the distancse between the particles. 

Here we have tl»e flower and outcome of Newton's 
indaetion; and how to verify it, or to disprove it, was 
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■the next question. Tlio lirst hIoj. ..f t!,.- j.lu:.. .q.)..-!- in 
this direction was to jirovc, nmUii-miiUi-.-u.v . timt if tins 
law of attraction be tlio true one; if lb<- i nr!!i In- t-.-n- 
Btituted of particles wliich ulu-y ihns law; to-'o fb>- arin.u 
of a sphere ocpml to tlm eurtli in "ii a i-":\ -"ii •io 
of it is tho sarno as that wlii.-h w.-nhl t-- re.-i li tb.- 
whole mass of the spls'i'i' wiTe euntra-'t''-! I-- a i-uei at 
its centre, rractioally Hjieakiu}!:, llien. tin' .-niii.- in.- 
earth is tho point froni which disUmee.s nnif-l be im-a au>-it 
to bodies attracted by tlie earth. 

Ifrom oxpcrimonls o.\i*eule<l bcfoii' Ins ium.-. 
know the amount of the earth's aUnn-iain «! ii.f > srii»'« 
surface, or at a dislanw! of •IdMitl jiuli-s Us '■•■nj!'-. 

Ilis ohjoct now was to moasiiri) titu nUraetii.a i» j-r. d.-r 
distance, and thus to detonnino tfm law of if - ■iiiiisnuf'.-.a. 
But how was lio to liinl a hotly at a .sutl- n-m . ? 

Ho had no balloon? auil even if he lai'!. io- ' m .v li.^l 
any height to wliieli he etmld attain wotr-i !"■ i*-" fisall 
to enable him. to solve his jiroblem, Wii.ti 'b-l b.- !■..? 
BLc fixed his thoughts upon the ntMou n 
miles, or sixty timos tiin ourlh's raibuff, Jr.-tn its- » 

centre. lie virtually weiglieil tlw Jtimm, aa-i b-nsol ibist 
weight to bo lAptli of what it woitld be at ilo- « .uih « 
surface. This is exactly what Ins tlu-oiv r<*|>iire.i 1 
will not dwell hero upon tho pnuso of Ni-wi.-n afi- r in.i 
first calculations, or speak of his solf-ileinal in wisiibi-:*!- 
ing thorn booauso they tihl not tpiiu* nv-'n-n wtiU il-.- ..i. 
servations then at his eoiumand. NowUm’s ueu-.n m itui 
matter is tho normal action of tho iHsienli!)»' imu-l. If it 
were otherwise— -if sciciitiilo men were not in-tni«iitme*l to 
demand verifioation—it they were sntisliud with the n-. 
perfect while the perfect is atlaiimble, ibctr 
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ttis BUOCOBsion, bpHidefi InniiK }>niu;innii. nikdt-r thn 

ciroumatanccs, nexemiry; tlmt tin* f.’niviUUu.)' ii.n-.- cn- 
erted between the mm fliul a rt«v..ivu.K Pj-h.-n- w!ih an 
axis inclined to the pluju* of iw tnbit, miitd j.r...i«i. r !(,.< 
observed auoooHHiou of the mwon.H. N‘>i 'mid tin r.-bi 
tion between foreoH and jda'iiunnua has bi.u <• !;»! :. 
is the law of reason r«ni<hTed eonffutni* v. .ih r- law t.f 
natufo; and not until this in elTi etr.l dec . iK.- luiu i *-f 
the Bciontvilo philosopher rest in peai-e. 

The expectation of lilu'iii'Ms, thin, in th.- p:. ..a 
of phenomena, is not that tm which tlm s.-n?:’ . i,, , ,i 
founds its hedieC in the order of natme. if t!i<- .r.-.- U, 

pBrmanmt the plieinnneim are wSirf!-. r s’.i . re- 

semble or do not roscmhlc anytliiiip tliai has r-ei. ! . 
Hence, in judging of the order of nsiture, i.ar a, | an. i 
eventually relate to the permam nee of • i i m 
Galileo to Newton, from Newtuu to miu- . • m i -ai-, 
eager eyes have hecn Henniiing tlio li.’iu ri, >. n s . ar 
heads have been pomlering Ihi* pln iiMaii ii.« i-t lu. . .^r 
system. The same eyes and jHinda ha-,.- i.i . n 
serving, experimonting, and relh'ding i.u i!»- w * ..f 

gravity at the srirfaoe of the earth. KmiIuih-' ! n>- - ui- I 

to indicate that the operation of tiie 5 hw Smu f.-r ;» j ... 
ment been suspended; nothing han loinj i ili.i 

nature has been orossod by s{Kintftn<'ou« acts..!., ..r t'.ei 
a state of things at any tinio exiHt4-t! whs.-h i-. ..»'■! !i..t !..» 
rigorously deduced from tlm protuding ni«tiv 

Given the distribution of matter, and tlm l..r. . m 
operation, in the time of Galileo, iho n.,,shr- 

matioiau of that day could prndii't wlmt onw i*. < -ir- 
ring in our own. caleiilato I'l’lijiwM in ndvani'i’, joi'! 
find our calculations true to iho rnmoml, ^V«' i|i''t»-rMii«ii 
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.the dates of those that have occurred in the early times 
of history, and find calculation and history in harmony. 
Anomalies and perturbations in the planets have been 
over and over again observed; but these, instead of 
demonstrating any inconstancy on the part of natural 
law, have invariably been reduced to consequences of 
that law. Instead of referring the perturbations of Ura- 
nus to any interference on the part of the Author of 
nature with the law of gravitation, the question which 
the astronomer proposed to himself was, “How, in ac- 
cordance with this law, can the perturbation be pro- 
duced?’^ Guided by a principle, he was enabled to fix 
the point of* space in which, if a mass of matter were 
placed, the observed perturbations would follow. We 
know the result. The practical astronomer turned his 
telescope toward the region which the intellect of the 
theoretic astronomer had already explored, and the planet 
now named Neptune was found in its predicted place. A 
very respectable outcome, it will be admitted, of an im- 
pulse which “rests upon no rational grounds, and can 
be traced to no rational principle”; which possesses “no 
intellectual character”; which “philosophy” has uprooted 
from “the ground of reason,” and fixed in that “large 
irrational department” discovered, for it, by Mr. Mozley, 
in the hitherto unexplored wilderness of the human mind. 

The proper function of the inductive principle, or the 
belief in the order of nature, says Mr. Mozley, is “to act 
as a practical basis for the affairs of life, and the carry- 
ing on of human society.” But what, it may be asked, 
has the planet Neptune, or the belts of Jupiter, or the 
whiteness about the poles of Mars, to do with the affairs 
of society? How is society affected by the fact that the 
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sun’s atmosphere contains smlium, «>r tliat th«* nrhula of 
Orion contains hydrogen gas? of th« 

force employed in the oxurcise of the jn.hn-tn .- pniu-ipiti, 
which, reiterates Mr. Mozley, «» “pun'ly i.ave 

been expended upon subjwts w lUij.rtMtu-nl a« tiu-so. 
What practical iutorost has swiidy in tlin ln* t that the 
spots on the sun Imvo a diHunmial period, luul that wii.-n 
a magnet is closely wnUihcd for half a r.-utary it m 
found to perform Bumll motions which syn.d.rom.-.- with 
the appearance and disappoaramns of tlio s><liir sp.*!it? 
And yet, I donht not, Sir Kdward Sahiuo w..u!.i dwni 
a life of intellectual toil amply rewanh'd hy h. uo.' privi- 
leged to solve, at its close, these iuluuli'suuid uu-te-n.. 

The inductive prinuipU. is founded iu tuim s d< .ure Ui 
— a desire arising from his position utn'>iip pie-UMia- 
ena which are reduinbie to onlur hy his mieii.-. i Tho 
material univorso is the eomphnmmt of Uio ustclio i, imd, 
without tho study of its laws, n'tison could m-vrr luwo 
awakened to the higher forms of self i'ousciousnr>,!t ui 
'all. It is the Non-ego through ami hy ■which the Kg<» 
is endowed with Belt-discernment. Wo hold it to l»' «a 
exercise of reason to explore tho nn'iinuig of a mim m' to 
which we stand in this txdaUon, ami the work wc luive 
accomplished is tho proper tKimmcnlnry ou the metiu-ds 
we have pursued. Before Uw»o methods were ndopird 
the imbridled imagination roamed Uirmigh imture, put 
ting in tho place of law the tigmanls of siipcrsliliou* 
dread. For thousands of yeam witehomft, nml inagMJ, 
and miracles, and special providenoes, and Mr. Moirdeya 
“distinctive reason of man,” hail the world to ilicmselvesi. 
They made, worse than nothing of it— n'orne, I way, be- 
cause they let and hindered those who miglit have matte 
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>metliing of it. Hence it is tlint, during a single life- 
rne of this era of “unintelligent impulse,’’ the progress 
L knowledge is all but infinite as compared with that of 
ie ages whieh preceded ours. 

The believers in magic and miracles of a couple of 
mturies ago had all the strength of Mr. Mo25ley’s present 
•gio on their side. They had done for themselves what 
3 rejoices in having so effectually done for us — cleared 
le ground of the belief in the order of nature, and de- 
ared magic, miracles, and witchcmft to be matters for 
Drdinary evidence” to decide. “The principle of mir- 
des” thus “befriended” had free scope, and we know 
le result. Lacking that rock-barrier of natural knowl- 
Ige which we now possess, keen jurists and cultivated 
en were hurried on to deeds, the bare recital of which 
akes the blood run cold. Skilled in all the rules of hu- 
an evidence, and versed in all the arts of cross- ezamina- 
Dn, these men, nevertheless, went systematically astray, 
id committed the deadliest wrongs against humanity, 
nd why? Because they could not put Nature into the 
itness-box, and question her — of her voiceless “testi- 
ony’ ’ they knew nothing. In all oases between man and 
an, their judgment was to be relied on; but in all cases 
5tween man and nature, they were blind leaders of the 
.ind.‘ 


* “In 16G4 two women wore liung in Sviflolk, under a sentonce o$ Sir 
itbliGw Hale, who took tho opportunity of declaring that the reality of witeh- 
xft was unquostionablo; ‘lor hrst, the Scriptures had affirmed so much; and 
condly, the wisdom of all nations had provided laws against such persons, 
iaich is an argument of their confldonco of such a crime. ’ Sir Thomas Browne, 
10 was a groat physician as well aa a great writer, waa called as a witneea, 
d swore ‘that ho was clearly of opinion that the persons wore bewitched,’/’ 
Leeky’s “History of BatlonaMsm,“ voh i, p. 120. - 
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tious, ‘ becauBO it m mmj 

^uire.” But ho tlooH oonjiitit'r ii "h i- uU t 

jy have been accepted by lln' <’du.’Hi< d, h. wh.it 
ucated? Like thoHO «hiU-Mnu<ii, jnriMi.', nin! . Lui.-h . 
aries whoso o(iucivtii)u wjis uuuldi' t*' .' .ni- i!u !i> ii 
3 frightful orrors ghiuml iil niiovi' V N"! • \ ' ii sn : 
ise; for the groat mass of Mr. < 'iu. )•< • 

d no legal training, anil imtsl have 

iicelese against delusions whiidi t-uuM wi • ^ < n ibni u 

jatnaught. Liko nine-tenths of our rln,. v li .■ ]• 
t day, they wero versed in tin- lit< r;iiu)< i>f tiiii 
)me and Judea; but as regards a kii<*« !> ..f i.:,!. 

rich is here the ono thing needful, tin v .m i.' “in 
vages,” and nothing more. In the rui..- ..f n.Ha. 
3n, it bel»oovea us to understand the weight ..f ih.' i ■ 
'e, before wo jissign a value to th«' {Mwilm , u • ■ ..n*] 
nd the depositions of nature, before »e ati. oipi u> i > 
e, with them, the ovuienee of men. W.- .■o'i!. 

en our eyes to see what honest and « v. u oii. . i 
m and women are capable of, jis t*t judging . ^ .d. s 
this nineteenth century of the ('hruUnm . r.i, and m ! 
de fifty-two degrees north. The expen. u. e ilnm ^ . 
ight, I imagine, to iniiuenee <itir opuii..ii i- gaidm - 
3timony of people inhahiliug a suuun r elmi.-, «i! 
jher imagination, and without a parti.-le of thui r. «!i 
hich the diseoverios of physical seien,-,. huve unp. 
)on mankind. 


lus cnaracxer. i nougn Dareiy Known to ni 
iis recent deatt affected me as that of a 
regard to the style of his book, I heartily su 
description with which the “Times’’ winds u 
appreciative review. “It is marked throng! 
most serious and earnest conviction, but is 
gle word from first to last of asperity or insin 
opponents; and this not from any deficiencj 
to the importance of the issue, but from a 
resolutely maintained self-control, and from a 
ever-present sense of the duty, on themes li 
more than judicial calmness.” 

[To the argument regarding the quantitj 
ulous, introduced at page 21, Mr. Mozley 
the honor of publishing a Eeply in the se 
of the “Contemporary Review.^’ — J. T.] 


ADDITIONAL EEMAEES ON MU 

Among the scraps of manuscript, writte 
when Mr. Mozley’ s work occupied my att 
the following reflections: 

With regard to the influence of modern 
Mr. Mozley rates so low, one obvious effe 
enhance the magnitude of many of the reco 
and to increase proportionably the difficul 
The ancients knew but little of the vastnei 


f 

jsent day would naturally demanil a gr»'ttU»r aim* 


uld have satisfied an Israalito in tljw ngu 
it of Joshua. For, toti^eone, th« miraeU* ji 
ted in the stoppage of a fiery ball lews tiu 
imeter, while to the othwr It would !«» t 
m orb fourteen hundred thousand tim«w 
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tlie “firmamont of lu'.avcn”; aii.l .'^ir Ana 

to the case of a (Inu'k philoHupli.T wli.. w... p. - . ■ lu -i f,,r 
hazarding the aHHurthm, Uk’ii il.fn.r.l i;c i! ih n.f 

sun might he as largo as the wh..i.- ....i-ii, . ; itr. 

The ooncoruH of a univ<-vsi', n-giir-ii'-l u.<: . i'. p ,,f 
view, wore much in<u’o witu !.. ,•» .mi i.;?i 

concerns than Uioho of llio mnviT.'io wlu- ’u • n- 

voals to uh; and lunico that to aiiit laai* * pu); ■ ■ , ••! J' .it 
in compliance with his pruyorH, ohatig< i •.!!. .£. i . . . a ;?i iho 
order of tho utuvorso, was iiiort' icinv ><f ‘o f ui tio- .m 
cient 'world than it fuii lit! now. In !hi- \>!v 
which it asaigHH tt> natural -i. .■ n.,. 

moiitod tho distiinoo hotwofn thom nnd ni.tu, .io-l iit> i.M .'d 
the popular holiot iu tlnhr tirdinly j.iogr. ■ u.-n 

As a natural ooimcnuonn'. tho tloiiiaio! !..i .vt.i.’i..r t t 
more exacting than it UHcd to lu>, wlnio-t* j it i i o'fuiio'd 
that tho order of nature luia Ina-u diHlnri.i d t n.> t.tlo 
as an illustration the miruele hy wlinh th.- lo t-.n 
Joshua over tho AnieriteH wiw rondon-d . In 

this case the sun is reported to have stond !itiil t..r "al.-nt 
a whole day” upon QUieou, and the moon sn the vn’h v 
of Ajalon. An hlngHshnittn of average ••.iu.-atnoi nt the 
present day would naturally deniund n gr.ni£<*r aiii.-imf ..f 
evidence to prove that this oeeurreuee jda- <■, ih.ui 

would have satiallod an larnelilc in the ago xu. . • • Img 
that of Joshua. For, to tho one, the mirnide prtd.ald^ i-. .u 
sisted in tho stoppage of a dory hall leas than a viud in 
diameter, while to tho other jt wuuhi lui tin. aU.ppagni 
of an orb fourteen Imntlred thouauud tiuiea tt.n in 

size. And even accepting the iuUTpreinlnnt liiat J..njiiia 
dealt with what was apparent inorely, Iml that what really 
occurred was the suspension of tlm earth's muaion. I 



ADDITIONAL KEUAMKS ON MIRAOLEa 


41 


fliink the right to exercise a greater reserve in. accepting 
the miracle, and to demand stronger evidence in support 
of it than that which would have satisfied an ancient 
Israelite, will still be conceded to a man of science. 

There is a soientillo as well as a historic imagination; 
and when, by the exercise of tlie former, the stoppage of 
the earth’s rotation is clearly realiaed, the event assumes 
proportions so vast, in comparison with the rmult to bo 
obtained by it, that belief reels under the reflootiou. Tho 
energy hero involved is otjual to tliat of six trillions of 
horses working for the whole of tho tiiuo employed by 
Joshua in the destniotion of his fom. Tho amount of 
power thus expended would be sufficient to supply every 
individual of an army a thousand tiracw the strength of 
that of Joshua, with a thousajui times the fighting power 
of esesh of Joshua’s soldiers, not for the few hours neces- 
sary to tho extinction of a handful of AmoritM^ but few 
millions of years. All this wonder i» silentiiy pMsad over 
by the aacriHi historian, manifestly bocause he know noth- 
ing alsmt it. Whethor, tljondoro, we consider tlie mirticle 
as purely evidential, or us a pnu’.tical mimns of vimgtsanoe, 
tlm same Invisli snuandcring of energy stanm us in tho 
tm'Vi, If eviilontial, tho energy waa wasted, bocauao the 
Ismeliti's knew nothing of its amount; if dmply d<»truc» 
tive, then the ratio of tho quantity hmi to tho quantity 
employed may Ihj inferred from tlio foregoing flgurt». 

To other ntira«dw similar nuimrks apply. Tranaferrii^ 
our thoughts from this little sand-gratn of an «»rth to tli© 
immeasurable heavens, whom eountlisw worlds with freight* 
of life poduddy rev<»lve unseen, the very suns which warm 
^em being barely visible arroMS abysmal space; rtdlectii^ 
that beyond diese st>arks solar fire, suns innumerabhi 
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may burn, wIioho ruu it<^vt*r niir !h«- i al 

all; and bringing ilnw i‘ t-* J.i* »* ihi* 

idea of the Builder and Stnnjuuf*r nf \i ;4;I .a.i?- Hiur 

self in a burning bunh, eKluiai.n'A 11;^ 1. 1 ^ u? , itr 

behaving in olhor fainilinr wavn t ? * H . 

Jewish ScriptureH, the inr«»n^:inay t ,4| | . .1! {>*1 th-i 

credulous prattle oi tin* juH’U'utM u'I'-a! iu j \ ‘s uh! 
alone; were it not assoriuirtl wnU , |., 3 

wisdom^ ami with oxampleH t»f latUM! 1^2. u:.’ . a 4 
elsewhere in the history of thi* hnin.ui r.v » . !..iu !n,t 
aclea and thoir **(‘videnrea** \vou!»I h.n*' r » . j . i 

to bo tho transiuittiHl iuherituiit’o of nii. a. In 
fluoncod by the tln>ughts whirh ihin unurj .*’ j!. p,$» s «, !i 
may wo exclaim in Davitln spirit, if ih4 ;n Ua%} i'n , 

‘^Whon I ccniBider Uio lieavtum, w^nk of 'Vl,y 
the moon, and tho stars, which Thou hani . id.utu d, %\] .a 
is man that Thou Hliouldat be nuniifnl of hita, or Uu’ #^oit 
of man that Thou nlumldHt so r«'gard him?" 

If you ask me who in t4i hmii the oum»MUi|„oi of A1 
mighty power, my unswer is, Not I, U \ou nt.-nhl 
that if the Builder and Maker of iUin i t*» 

stop the rotation of the eartl^ ur to Uik** ifi*’ forui of a 

burning bush, there in notiiing tn prmrui Han liofu iloai|.t 
so, I am not prepared to contradict you, I jirithm nv-u »’ 

with you nor differ from you, fur it m h foi jrrs .4 whu !i 

I know nothing. But I ohm-rvu ihul lu «u. U .jii. ai,.!.,* 
regarding Almighty poww, ytmr iu>putu'» r< h»i<’, ij.<i t'> 
that power m it is luituivlly diHjihiyi’ii an thn «iun*>rfl«<, 5. tat 
to the power of your own iaarngitmUtm. Y..nr t}»u aii..i( i,,, 
not has the Omnipotent ilouo ho uuil m»? ..r at* at an thi' 
least degree likely that the OsunipoUnat au. und 

so? but, is my imagination conipoteat ua p.oiur.t a l\vm^ 
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ON PUAVKH AH A FnUM <»r KNMaa^ 

T IIK Ktlifcor of the '‘(lunti'iujtonuv U«nie”.v“' i.i h'oi iiil 
enough to grant me H|nu‘n fur htuun ruiiuu kH 
a siihjcat whielii thuugh inj n^uliun tu it vui4 
$imply that ol a vehicle of irainuai.HMiuso hiu^ 
down upon luo a ootmiilerahln ainutuit «*( luuuuuU 

It may ho intcrcHling U> Htuin* uf luv iradnii t{ { 
glance at a few chhch illuntnitivn uf tiiu hun.tav in' thn 
human miutl, in ruiatum U» thin and kindriHl i|n« 

In the fourth contury the liolitd in Aniipuiii H wim li^ * lunl 
unscriptural and lioretbah I'hu piiniM 
angry with the people who ImUl iUk muiun hh ui\ 
are now with mo, and quite m um^paring in hu^ drnuuf i- 
atiouB of thoir ‘‘Mon^lromtioH.’* liactiuaiim wn^ inini^rd 
because, in his tnind, by edueatiou and luilliij Vi vHliii * *1 j V 
and religion woro indiitHoltiltty uHWMduti’i!, uii<l, tiirri-iMrr, 
Bimultanoously diatiirhod. In tlio parly {uirl «{ ihr 
teenth century the notion that the .•aril» vtm i\\vx\, nnd 
that the sun and Btara rovolvtnl rtnind it daiiv, 

■woven with roligiouH fouling, Ihu aunnmtsMii liun at 
tempted by Galileo roumng thu imiuHmiiy nml Liu.lliii.t' 

the persecution of the Cliuroh. Men utill livii.t-- .-ai. h- 
(441 
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tuber the indignation, excited by the first revelations 
geology regarding the age of the earth, the association 
ween chronology and religion being for the time in- 
soluble. In our day, however, the best-informed the- 
gians are prepared to admit that our views of the Uui- 
HO and its Author are not impaired, but improved, by 
abandonniont of the Mosaic account of the Creation. 
)k, linully, at the exeitcmont caused by the publication 
the "Origin of Species”; and compare it with tlio calm 
mdant on the appearance of the far more outspoken, 
1, from tho old point of view, more impious, "Doscent 
Man.” 

Thus religion survives after the removal of what had 
n long considered essential to it. In our day the 
tipodcH arc acccpUtd; the llxity of tho earth is given 
: tho period of Creation and tho reputed ago of tho 
rid are alike dflssipatod; JBvoludoa is looked upon 
hout terror; and other changes have ooouired in the 
JO direction Ux) numerous to bo dwelt upon hero. In 
t, fnun tho earliest titnes t«> the present, religion has 
n undorgt>iiig a priK-ess of purillc.ation, freeing itself 
wrly and painfully from tlio physical errors wliich tlie 
ivo but uninformed inudhmt mingled with tho aspira- 
ts of the soul. Home of tts think tliat a final aot of 
•iftontion is neiuioti, while otiiors oppose this notion 
h the eunihleaoo and the warmth of aneient times. 
B Imuio of eoitUsntion at present is Um ph^tiieai mUm 
prayer. It is nut my wish to excite surprise, muoh 
t to draw forth protest, by tlio employment of tliis 
■SM. I would simply ask any intoiligeiit person to 
k the prtiblom honwtly in the face, and then to say 
ether, in tho estimation of the great body of thcsie who 
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sincerely resort to it, prajor doca n«4, at nil ovi'iita ajm 
special oocaaions, invoke h Power which «’h€*.-kii and «ug. 
ments the descent of rain, which chim^ea lh«« f.m'o and 
direction of winds, wliioh affw’ta th«' ffmwth «.f corn and 
the health of men awl eaUlo -« Puwrr, in f.hi.n. wliieh, 
when appealed to under pnwing tin-umstnii.-.M. j.rodwi^ 
the precise effects caustnl by physi«'»l ciit-rj.'v in ilic onli- 
nary course of things. To any jwrm.u who ilcala aim, 
oerely with the subjeat, and rtduscs t.i Idur Iuh moral 
vision by intellectual subtlotien, this, I ihmk, will nppcar 
a true statement of the case. 

It is under tliis asjHWt alone Unit tlm wicntslh' Hludeiit, 
so far as X ropresont him, has any wish to tneddh' with 
prayer. Forced upon hia atumtiou an » form of jihyatcal 
energy, or as tlie equivalent of such energy, ln« el»m» 
the right of subjeoting it to llione melh.«t» of «»3samm». 
tion from which all our prmmt knowledge of the phyn, 
ioal universe is dorivod. And if hia rwwandiw l« ««! him 
to a oonoludon adverao to its obitna— if hia rivet 

him stiU closer to the philoeofihy imptnwl in th»’ words, 
“He maketh His sun to shine on Uie ovt! and on the 
good, and sendeth min ojion ^e |u»t ami w{«on the un- 
jnst" — he contends only for the displaoemenl of pmyrr, 
not for its extinction. He simply e»y», phyeicttl nature 
is not its legitimate domain. 

This oonolnsion, moreover, must Vie Imawl on pure 
physical evidence, and not on any inhertuii Hiircitwm- 
ableness in the act of pmyer. The thiuiry that the sys- 
tem of nature is under the oontrol of a Hmug who 
elanges phenomena in oompUanoe with the prayers of 
men is, in my opinion, a perieotiy %ilimai 0 one. It 
may of course be render^ folslle by being lusMieiaied 
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with, conceptions which contradict it; but such concep- 
tions form no necessary part of the theory. It is a mat- 
ter of experience that an earthly father, who is at the 
same time both wise and tender, listens to the requests 
of his children, and, if they do not ask amiss, takes 
pleasure in granting their requests. We know also that 
this compliance extends to the alteration, within certain 
limits, of the current of events on earth. With this sug- 
gestion offered by experience, it is no departure from 
scientific method to place behind natural phenomena a 
Universal Father, who, in answer to the prayers of His 
children, alters the currents of those phenomena. Thus 
far Theology and Science go hand in hand. The concep- 
tion of an ether, for example, trembling with the waves 
of light, is suggested by the ordinary phenomena of wave- 
motion in water and in air; and in like manner the con- 
ception of personal volition in nature is suggested by the 
ordinary action of man upon earth. I therefore urge no 
impossililiiies^ though I am constantly charged with doing 
so. I do not even urge inconsistency, but, on the con- 
trary, frankly admit that the theologian has as good a 
right to place his conception at the root of phenomena 
as I have to place mine. 

But without verification a theoretic conception is a 
mere figment of the intellect, and I am sorry to find 
us parting company at this point. The region of theory, 
both in science and theology, lies behind the world of the 
senses, but the verification of theory occurs in the sensi- 
ble world. To check the theory we have simply to com- 
pare the deductions from it with the facts- of observation. 
If the deductions be in accordance with the facts, we 
accept the theory: if in opposition, the theory is given 
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up. A ainglo oxporimont i« fmiufiitly ihn ih.-.!. 1 .\ wliich 
tlio theory uiuat Ktivud or fftll. tluH rhitrm'ti'r wiiM tho 
determination of tlio V(slooity of light m h.jm.iK. iim a 
crucial test of tho KmisHiou ThiHiry. Ai’onr.itii».' to it, 
light travelled faster in water thuu in uir; to 

tho Uiululatory Theory, it travelled faNt.-r in iur ll.uit in 
water. An experiment snggeHted hy Ani'.><i, nml i-hk. 
entod hy Fizeau ami Kovie.auH, was e<m«'!uhi'. i< ugniimt 
Nowton’s theory. 

But while soionoo eliecrfiiliy HulnnilM to liuH ordi-al, it 
seems impOHsiblo to devise a ntmle of vrr!:i.'!sit..ii t.f th.ir 
theories whiolv does not rouse reseutnifnt in 
minds. Is it that, while tlie jileasuro th*' s 
man ctilminatos in the deinonslrai<d hann.o.v 
theory and faot, the highest jileiisnf*' nl t!i.' irh-n.-in 
man has boon already lasted in the v.iv le-f <>! j.niv 
ing, prior to vorilieation, any fnrlher e!f..rl lu thi'* dii< >■. 
tion being a more (listiirlmnee of bin pc ii. .-y {)r os it ihsi 

we have before us a residue of lUut uivHijeiHm i.f the 
Middle Ages, so admirably deseribed bv Wbi-well that 
“practice of referring tbiugs and eymits not l<> «•!< ir nod 
distinct notions, not to geiiontl rules I'Hjtiddr of dir<’rt 
vorifloation, but to notimis vague, diHlimi. und vuit. 
which we cannot bring into eontnet with fiiets; 1,1 wb. u 
we connect jiatural events with ui<<riil and b; 
causes?" “Thus,” bo coutinueH, ''tb« ebara.-t.-r •<( 
tioism is, that it refers partieulars, not to gi'nerah.'Hii..ii«, 
homogeneous and innm'iliate, but to suelt ns nr<* !n'f«-ri>. 
geneous and remote-, to whieli we must add tlmt the 
process of this reference is tint a enlni m-t of tin- in!*-!- 
leot, but is aooompanied with a glow of entbu»in^.iio 
feeling." 
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Krery feature here depielecl, and some more qmn- 
(ionabla ones, hare shown themsdres of late; most eon- 
iptouonBly, I regret to my, in the ‘‘'leadars'’ of a weakly 
ov\rnal of oonsiderable influence, and one, on many 
grounds, entitled to the respect of thonghtftil men. In 
;ha correspondaticc, however, pahlishad by the same jonr- 
uil, lire, to hc^ found two or three letters well calculated 
o eorreet tlu^ Uuuporury flightinoss of the journal itself. 

It is not my hahit of mind to think otluvrwisc than 
lolemnly of tlm feeling wlTudj ])rom])tH i)ray(U% It is a 
)ower whitdi T should like to see guiiUul, not extin- 
riiiHlied —devoted to ])racaieable objects iiiKtead of wasted 
ipoti air. In some form or other, not yet evident, it 
nny, m fi!h*|/c*ih V»e ncHU’SHary to man's liiglmst culture, 
'miuin it is that, wlulo I rutik many ptu'Snns who resort 
o prnyiT huv in tlni smle td being— natural fcH)liHhneas, 
ligof ry» ami intoleranee being in their case intensiflod by 
he nutitm that thc^y have aceesi to the ear of Qod«— I 
eganl tuhers who emjdoy it an forming part of the very 
'ream tvf the tntrth. The faith that luhls to tht^ felly and 
ertHuty of lln^ one is turne«l it) tmduring sweetness, hedi- 
less, alummliiig ehurity, and self^siu^nliee by the other, 
itdigioii, in fact, varti»s witli the nature upon which it 
'alls. Often tuireiisonalile, if mit eontenqitible, prayer, 
n its purer ffsrms, hints at disciplines wluch few of us 
nm ncgl«n‘i wilhout morn! hws. But no good can come 
»f giving It a delusive value, by tdairning for it a power 
n ptiyi«ica! It may atrengihem the heart to meet 

iftds b»i4.^e#4, and thus indirectly prtimote physical wedl* 
Hiiiig, m the tligging of orchard brought a treaii- 

irt^ of ferlility greater limn tlm golden treasuro sought 
hich indirect issues we nil admit; but it would \m iim* 
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ply dishonest to afilm that it is suoh issum tlmt aw 
always in view. Here, for the praaont, I must inid. I 
ask no space to reply to those railera who make such frt»o 
use of the terms insolence, outrage, profanity, ami hlaa. 
phemy. They obviously lack tlio »t)briety of rniml lum- 
essary to give accuracy to their statomentii, or to rumiw 
their charges worthy of serious refutation. 
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VITALITY 

T IIK origin, g^'^nvth, niul I'tirrgifH of living tliingn aro 
nubjortH whit^ft Imva iilwa^yn ('ngngrtl tho aHnition 
of thinking mon. To arnonnt ft»r tlunn it was nnual 
to a. apeoinl agent, fmo to a great extent t from the 

limilatkuw obparvatl among thei ftowars of inorganic imt- 
nra, Thla agent wan ealUnl tniul Jhrrr ; and, tmclcr itw 
infliunicr, plantjt nrnl nniuuvlH were i^up|uiHeil to collect 
their ntaterialH siml ti» uHnninc eletarminata forma. Within 
the hint few yenra, hnwe%^er, mir ideaa of vital prooeaaai 
have nndergona pmfcnind modifleationa; and tha interaat, 
iunl even «liHt[nietiulo, which the change hm excited are 
amply aviikmeed hy tln^ diHcttHHioiiH and proteats wliieji 
are now comiutm reganling the phenomena of vitality. 
In trneing theae phenomena thremgh all their xnodiHea- 
tion^, tha most mlvaneed philoHiiphem (d the! prenant day 
eleetara that tliey ultiniati^ly arrive at a atngle j^ourca of 
power, from which all vital energy ia derived; and tha 
diHfjuieting ctrciimataneti i« that thia source! not the di- 
rect Hat of a atipernatuml agent, hut a reaervotr of what, 
if wt! do not aeee*pt the eread of iJoroantar, mwat he re- 
garded an immjnnic foree. In ahort, it ia aonmtleml m 
proved that all the enerp^y wliich wa derive from plantB 
and animala ia drawn from the mn* 

A few \"enn^ ngo, wlum the iun wajs affirmetl to be tha 

(ol) 
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•OTiroe of life, nine out of t«*» of wiiu aro alarineci 

by the form wliioh thin iwwiTtiou loiii J.iHi'rly 
would have atwouttnl, in a gi'Ui’ral way. i-> >t« «t<rr»*« trit>}w. 
Their asaout, howovur, wiu» moro j«m t!.- tliiui arnnhilo, 
and they worn by ti«> tmuiiiH jin'j'aro.i i-> !» >' a ju,-, 

ohanical aigniib'aUon atutriii’d i«* ibris Tiu"*, b.iw- 

ever, is the jinculinrily of tntiiJiTu *•<.!!. !u ii. oi i Vani ihtTa 
is no crwilivo t'ni'rj(y wbaU’vor ui dio \ •■/. ti!'],' ni uunoal 
organism, but that all Uio }Miw<-r aim h »» Imjn 

the muscloa of man ami niunui!i«. «« our u ih.i! •.siaclt 
wo develop by the comlmalnu! af wo.ni . ...,1, l.m It. u 
produced at the sun's oxjK'jw. 'J'lu* » iu i > nui. i» ilw 
colder that wo may liavo <i«r !i<’ ■.» al-.. uui.'h 

the colder that wo may h«vt« tmr b.m-u- stM jsur iusd Alj-um 
climbing. It is, for ostiuiijdn, foruusi tu.ii lut- um n w 
been, oliillod to au oxUsnt ciipaJilo «>f urrt5<‘U «•% 

pressed in numbers, in ortlor to furiii«h thi’ ahn-U 

lifted this year a oortain unmbrr of {.'urutm fr.ou tii<' 
of Ohamouni to the summit td Hliuo* 

To most minds, howovor, Um om-rKy *>f liK'iil and h- at 
presents itself ss a thing totally limiuu'i fri'm or-iut^uy 
meohanioal enei^y. Either ttf Uhmu van ii.'v.’ril»'b’'£.* bo 
derived from the other. Woml can im ram.'d by fri- is-.u 
to the temperature of igtiitioni while l*y prupcrlv sitnk- 
ing a piece of iron, a skilful bbcktuntlb » hh riunso it l*> 
glow. Thus, by the rude agency of bi» hannn«'r, be 
crates light and heat. This action, if carric<l far cniiiij^h, 
would produce the light and heat «>f the »un. In fioi, 
tihe sun 8 light and heat have actually been referred tu 
the fall of meteoric matter upon hi» surfimc; and wh- iher 
the sun is thus supported or not, it is jwrfeeily 
that he might is thus supported. Whether, munn.ver. the 
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-whilom molten ooBclition of our planet was, aa supposed 
by eminent man, due to the collision of cosmic masaas or 
not, it is perfectly certain that the molteu condition migfd 
Im thus brought about. If, tliion, aedar light a!\<l heat can 
hi^ produced t»y the impact of dead matter, and if from 
the light and h(*at thus produced we turn derive the ener- 
gies whi(di wa Imvui Uc^cn accustomed to call viktlj it indu- 
bitably follows that vital energy may have a proximataly 
mechanical origin. 

In what HciiHC, then, is the sun to ha regarded as the 
origin of tlu^ energy derivable frtnn plautH and uniinalH? 
I#et m try tt> give an inlidligible answer ki thin i|nc?sti(nu 
Water may be raiped from the it»4evel to a high eleva- 
ti?un and then pe^rmitted to descend. In dewunuting it 
iniiv be made uHsume varitniH bumm- b* fall in cap* 
eiide^H, to spurt in hnintaum, to boil in atltUcs, or How 
tmmpitlly alcmg a uniform IhhL It may, morTOver, b® 
canm^d t«» Mct eofiiplcK maohirmry in motion, to turn miU» 
ptones, throw shuttles, work saws and hammem, and 
drive piles. Hut rviuy fcu*m cif power here indicattul 
would be dcrivt^d from the tuuginiil power exjamdisl in 
failing the water to the height frotn which it fell. Them 
ts no energy tjtfirraini by the machsm^fy ; the work 
formed by the wilier in ttem^eiiding m niiTely the parceb 
ling out and disirilnilson of the work eicjwridml in raining 
it. In lortn’iwdy ibis iiense b all the energy of pliinta and 
animiib the pnretdliiig out and diatribiiticin of a fmwf 
origifinllv everted by the aiiin In iht ranti of lha wiiler, 
the muiree of the jwiwer chuisspIs m the fcwible tw^parntiori 
of M ijitanlily of the rnpiid from a low lt*vel of the enrthb 
anrfaee, and its elrvalton to a higher iHmilieui, the poww 
ihtia expended b’lng reiiirned liy the water in ila dK^tmi. 
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In the case of vital phenotnena, tin* of puwrr con- 

sists in the forcible Hoparatiun the iit*nstH <4 r»oiip«nint} 
substances by the nuin Wi' nnnie tlo’ fun s’ uho h «lruw,^ 
the water oarthwunl uml ihai whirit ilr.nvH 

atoms together ^'chiuaicul ROinity*’; \ni\ thmr ihib imt 
names must not minlcad rri^aninic « piubijshvo 

identity of the two fon’ca. ^Phry rh- 
and, to the intellect, the fulluie neauihi 

oxygen atoms is not more tlilhcttU id i »esrr|4o»u iIirii tiio 
falling of water to the i^arth, 

Tha building up of the vegi‘nibli% lin n, ih i ilrri^ d !*y 
the sun, througli the riHluetiuu td I’hnui.-.d i »»:r.p«*u!eh, 
The phenomoua of antmul life ar V i4iMr«’ nr I*- ^ i i **!nph 
cated rovoraals of thcHo uruftwHi'n td r<-.iu. u..!i \V>' .-sU 

the vogotablo, and wo lirwitlto Uio t>K\ fru <4 iht- Hsr; 
and in our bodioH tlio oxygon, whn-h had i..-. u hfi,.,} 
from tbo carbon and hydrogon by Uto m-lnin tbr fom, 
again falls toward tlioin, jinidni-ing mumal boat aud do 
veloping animal foniis. Tlirotigh tbo nu.Ht l•..I!iJ.h.•at■•d 
phenomena of vitality this law runs tbo vogoiaid.- in 
produced while a weight rises, llto annuiil ih 
while a weight falls. But the <pteHlnU| 114 HMt r^hau.Hlrd 
hero. The water employed in imr llrst gm- 

erates all the motion displuyod in iu doMoont, bni ibo 
form of the motion dnponds on tbo oharaot.n t.f t!ir ma 
chinery interposed in the patb of tbo waU’i. In a mna. 
lar way, tlio primary aetiun of the Kun's rav** m >,>iiib!iod 
by tbo atoms and Tnoloeulos muting wbiob llioir tuH-rgy jh 
distributed. Molecular forces delormiuo ibo (>»nii winoh 
the solar energy will assume. In il,« Ho,,Hrain.u .d tbo 
carbon and oxygen this energy may bn s., ounditn.nod 
as to result in one case in tli^ formation of a oiild.Hgo, 



vjTALmr 


65 


and in another case in the formation of an oak. So also, 
as regards the reunion of tho carbon and the oxygen, the 
molecular machinery through which the combining energy 
acta may, in one case, weave the texture of a frog, while 
in another it may weave the texture of a man. 

The matter of tho animal body is that of inorganics 
nature. 'I’lioro is no substance in tho animal tissues 
which is not isriniarily derived from tho rocks, tho 
water, and the air. Are the forces of csrganics matter, 
then, diiTeront in kind from those of inorganic matter? 
The pluhsso|sliy of the prostsnt day m'-gutives tlso quecs- 
tion. It is the oompomuUug, in the organic world, of 
foroes belonging equally to the inorgujsio, that conati* 
tuUss the mystery «vnd this miraelo of vitality. Kvory 
portion of every animal Issdy may Iso reduced to purely 
inorganic matter. A ]usrCect reversal of this process of 
roductiius wuulil carry us from tho inorganic to the or« 
ganits; anil such a revemal is at least oonoeivable. The 
tondiumy, indwsd, of mmiern scicneso is ti> Isreak down tho 
wall of parliliim between organic ami issorganic, and to 
rtnlni'c boih U) tho ojicriitii>n of forces wlsich are the same 
in kind, bsii which sire (liircrently ctsmpoundwi. 

(•ujiMiilcr llin nutisiion of jssrsonal identity, in relation 
to that of iiioiniuibir fctriu. Tliirly-ftmr years ago, Mayer 
of Hi’dltroini, with that jmwer c»f gtsniua whijdi hnsalhos 
largo moantngs »nto seanty facts, poinUsil out tliat the 
IjIikmI was “tins ml of tho lamp of life," tlio eorabuBtion 
of wisn h siistuitiM museulnr action. The musolaa are the 
maclnin-ry liy which tho dynamics pcjwer of the blood is 
brought into play. Thus tlie blotKl is oonsumed. But 
tlm whole bmly, though more slowly than the blood, 
waak* also, so that after a eortwn number of yeww it 










and who will set limits to the possible ] 
eulos in a cooling planet? If these state 
it is bocatise matter has boon defined j 
by philosophars and thoologiansj who woo 
aware that it is, at l)ottom, essentially 
tainseendcMitad. 

QneHtionH such ns these derive thair p 
ill great part from tlH*ir audacity, wlutdi ii- 
time, to clisappear. Ami tlu* sooutu* the ji 
iiholiHlied with referenci^ to such «|uestions tin 
cause of truth. As n»giirdH knowledge, pi 
is polar. In sense it knows, or is desl 
every iliitig, hi another sense it knows nut 
iimierstamls iiuteh of this intertne*liate jd 
ihiii we eali nature^ t>f wliieh it is the 
Seiene«i kiows iinthing <»f the origin or lit^s! 
WIh^ w!mi made the sun, iitid. giivii liis 
li^grut power? Who Of wliiit ititiciii flliti 1 
llii^ iiliiiiiale pariieles td iiiiiiier tliinr maiiitl 
varie-d iiiteras’lioii ? Seiiutee *hies Hot kienf 
tlioligli jHii4|M*d iMC'k, remains UlildliU”e4L d 
w!n» feel lloil there an^ ue-ire lliiiigs iii litsii 
iJiiili lifi^ ilreiiiiji’d uf ni the pritstuil 

lull luiv*'* be-f'fi almi l4iiigltl, by luillle 

tiiifi is llie alOuiipl io griipjile wit It tlie I 
lillirniik^ friiine- *4 mind m lltiil of tinellie: 


As I rode thrcm^ th© 8ehwwrif*W, I mMm mym 
glows ftW-Uk© ftorosg the d^k-grow»i« moor* whon^ iln 
liis anvil, and thou hopoat to roplmi tlij Urn 
rated speck, cutoff Irom tlio whole llnlvofMi; or rnthnmA 
Thou fool, Umt smitlij-flro wm primarily WiulhHl m Up 
circulates from boforo Noali’s Didugii, imm laiyiuiil lit 
Iron Force, and Coal Force, mid the hr slrauK*'?" F«»i 
affinities and battles and Victoria M ¥mm brmighi akf 
or nervous centre, in Uio great vital gyit^w of 
an unconscious Altar, kindled on the lio#ow «»f llip A 1 
rated! I say there It no iu^ wp«itlon: i»0ilni hltl 
cast aside; but aU, were It only a wltJiored l«i4 worl 
borne forward on the bottomless, shoi^ew id a 
perpetual motamorphoies . — QAUttm 


¥ 

JfATTEE AND rc>»01 * 

I T is the custom of the Profmaow in 
of Mines in London to gim tmrm< 
nres eveiy year to working men. 
holds 600 people; and tickefei to ttdi 
posed of as quickly as they oan Im Iitit 
annlv for tham. So dflairntw nm tlm 


hardly ever 01 a imtere waicli admite of 
into money. It is, therefore, a pure desi 
^ge, m a thing good in i^lf, and withonl 
practical application, which animates Ae he 
lectures. 

It is also my privilege to lecture to anc 
in Ix>iidon, compost in part of the aristoc 
while tiie audience just referr^ to is compo 
the aristocracy of labor. As regards attenti 
mj to the l^tnrer, neither of these andie: 
tiling to learn of tiie other; neitiier can cla: 
over the other. It would not, perhaps, be 
to take those persons who flock to the Scl 
m average samples of their class ; they 
picked men — ^the aristocracy of labor, as 
called them. At all events, tiieir conduct 
that the essential qualities of what we in E 
stand by a gentleman are confined to no cl 
have often raised in my mind the wish th 
men of aE cl^s^, artisans m well as loY 
K>me process of ^Iwtion, be sifted from the 
of the community, and caused to know eacl 

When pr^»^ mme months ago by the < 
British Association to give an evening 1 
working men of Dundee, my experience oi 
men of London naturally rose to my mind 
hmvily weighted with other daties, I coi 
my^lf to decline the request of the Counc 
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liYered beloie its mcmbera aii'l «»<»* 
aiter tho moctiog at Nottingham. ia» 
working mon, at their own request. ^ 
mr lat® President, Mr. Urov.'. and 
friend, Professor llnxlfy, the idea ur 
ing -with all 8ul>«et}n(mt iutH*tinv*« >•( t 
address to tho working men of the n 
meeting is liekl. A rf.Holutiou t>> lloit 
the Committee of Kiwommemlntions; i! 
ported tlio resohition; tho Council td th 
fied the decision of the Comnultwe; i 
carry out to tho best of my uhilily the 

Whether it Ini a wmaequi-noo »>f 
Telopmcnt, or an enilowinont oonferr-- 
man at lus creation, wo thul him h 
mind curious to know tho ennsos <4 
rounded hy objoots whioh oxoito its 
raise the desire for un explanation, 
young Prince of one of the I’licitlc is‘ 
ftrst saw hliBseU in u looktng-ghias he i 
to see who was standing at llm l«i«’k 
with the general liurnan intellect, ii* r« 
ena of the extenial world. It wishes 





rubbed amber were oreditea wtw» 
or, in other words, with exerting h*m 
In the time of the gnmt Lenl Ibi 
these pushes and pulls was vastly 
bert, a man probably of firmer Boienlilk 


in amber. In this way the iioUoii of 


visible link or oonnwtioa exlatou, jai 
of acting upon Mch other; and tlie 
technically called “action at a distaut 
But out of experience in wnotice 
tiring finer than mere exporiencis. K 
the soil for plants of higher growtlt; 
tion of action at a distance provided 
lation upon tiie largest of pndihniiM. 
serred to fall to tlie earth. Why si 
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repels, the north polo of the Jitiodht 
be as perfect a magnet a« the wh. 
this half and go on till further hr.'i 
Bible through the very snmUnej^n •< 
Bmallest fragment in found emhtwed 
is, thendoro, a perfect nmgiiei. 1 
hero: you imagini* wluut^ you rm 
reach the concluHi<m oiiiorUiiiioil I 
that the maguot which yuti u 
Wage of luoleculiif magiiotn which 
feel, but which, iw bcfi>r« iil4it<Hh i 
disoerned, 

Maguetiam thou in a [Hilar Unw; 
tlxat a force ot thin kiud iiuiy ckiu 
power. It is known, for iixmiiji 
strewn round a magnet iirrntigti i 
linos, called, by Boino, ‘‘magiicltii t 
ers, “linos of magnetic force/' Ch 
before me is spread a sIuh'I of pi 
filings over the paper, polar force 
every particle of tlm iron n^ptintl 
have a kind of architectiinil efior 
term— exerted on tim pari ul i!i« 
then is a faot of experiiuicii wh 

immediatAl V frirmiitlifitt 
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^ piK>ea»es of cliemistoy are examples of these. ] 
,kmg and experimenting lias lad plalosopliars to 
I© tlint matter is eomposad of iitonm from wl 
tiler sepiimte or in combination, the whole mat 
Id is built up. The air we breathe, for exanipl 
tilj a meehiii'Ucal mixture of the atoms of oxjgan 
ogeru IHiii water we drink is also composed of 
ami hytirogen. But it dilFcrs from the air in 
Imikr, tliat in water the oxygen ami hydrogen 
meahiinitmllj mixed, hut chemically combiniHL 
ns of oxygen and those of hydrogen exert tmori 
mtioiis on imeh other, so Ihiit when liriiught 
ebnt pm^^imity they imh togelher with iiii til 
edible fore© to form ii chcmimil €om{aHind. 
erfitl ns is tlm force witli which thesii atoms 
iiselves together, w© have tlm iiteiiiis of timriiig ’ 
idfsr, iiiid the iigtsiit by which wii iimiotii|ili«ti tiik 
I rficetvii a few mottiente* attenitoin 
hito II viissel conteining luudtiliinui wiil4'r 1 dip 
)S cif iiictiil, the tine Iwnng xinc nml the olJier j 
I, not periiiitiiiig them i<i touch imtdi other in 
id. l cfiiiiiect the two upper ends of Ihe iirip: 
^eoti of copper wirti* The wire i» iinw ilie tdiiiiiiii 

for Wiifit of It iMiliitr tiiii'tie. Wii tmll ati ‘hdeetric 



TaporoM eojidition, ^ play of * 

wr ®a*ed and MddeiL But aa the heat is gradu 
idmwB, the molecules prepare for new arrangem' 
combinalions. Solid crystals of water are at ler 
aed, to which we gire the familiar name of 
(king at these beaiitiM edifices and their intei 
ictnre, file pondering mind has forced npon it 
stion. How are they built np? We hare obtai 
ir con<»ptioiffi of polar force; and we infer from 
(Inn Tnagn flt that polar force may be resident in 
lecnles or smallest particles of matter, and that 
I play of duB force structural arrangement is possi 
bat, in relation to cmr present questicm, is the nats 
ii« of a mind famished with this knowledge? I 
npelled to teins(»nd expCTienoe^ and endow the ah 
i nmleeules ci. which exystak are built with defi: 
lea whence msiis attraefiom and repulsions. In wii 
toeae forees some poles are drawn together, w. 
Bie retreat from each other; atcmr is added to at 
d molecule to molecule, not boisteronsly or for 
only, hot silmitiy and symmetrically, and in aco< 
ttm wiik laws more r^d titan those which guid 
iman whmi he places his materials tc^etl 

Eagine Um bricks and stones of thra tows of Dun 
idowed with stracftaral power. titers attraci 

td repelling, and arzangii^ titenaedhres into streets 
jsaw and Kinnaird Halto-^wcsdd aot tiiat be wnnderi 
^ wonderful is fiie itimr of fore® few whinl, 


1 . JA, reversal oi xae process oi crjstauization maj 
aally shovrii. The molecules of a piece of ice : 
taken asunder before your eyes; and from the r 
‘ in vrhich they separate, you may to some ex 
er the manner in which they go together. Whe 
im is sent from our electric lamp through a plah 
ss, a portion of the beam is intercepted, and the g 
TOrmed by the portion thus retained within it. W 
! beam is sent through a plate of ice, a portion of 
im is also absorbed; but instead of warming the 
I intercepted heat melts it internally. It is to 
icate silent action of this beam within the ice th; 
w wish to direct your attention. Upon the scree- 
own a magnified image of the slab of ice: the 1 
the beam passes freely through the ice without n 
; it, and enables us to form the image; but the 
in great part intercepted, and that heat now ap] 
df to the work of internal liquefaction. Selecting 
a points for attack, round about those points the b 
rks silently, undoing the crystalline architecture, 
Lucing to the freedom of liquidity molecules which 
m previously locked in a solid embrace. The liqu€ 
ices are rendered visible by strong illumination, 
ve- those six-petalled flowers breaking out over the w 
dace, and expanding in size as the action of the b 
itinues. These flowers are liquefied ice. Under 
ion of the heat the molecules of the crystals fall ai 
c, so as to leave behind them these exquisite foi 


aeriean poet, “tlio atoms march in time,” m>>vuu 
) music o£ law, which thus reiubrs ihc ciunmo 
^stance in nature a iiiirachi o£ hcautv. 

It is tlio function of science, not, us some thin!, 
'est this universe of its wonder and mv.Hterv. but 
the case before us, to {snnt out the wimiicr umi 
stery of common thlnKS. Those fern tike tonus, wi 
a frosty morning overspread your window piuu's, il 
te the action of the same force. Hrfiithr ujum sue 
le before the lircs aro lighted, and rod nee the si 
stalline film to the liiptiil condition; iIhjii watrii 
isequent resolidification. You will sco it uli the 1..- 
you look at it through a cotniuon magnifying gk 
ter yon have ceased breathing, the lilnt. al.imdo: 
the action of ite own forces, appears for a imnu 
be alive. Lines of motion run througii it; inolee 
368 with molecule, until finally tlm whole film pm 
u the state of liquidity, through tins state «f moti 
its final crystalline repose. 

I can show you something similar. Over a pn-.-c 
fectly clean glass 1 pour a little water in which • 
i crystals have been dissolved. A film of ihi' s. 
i clings to the glass. By means of a microscope an 
ip, an imago of the plate of glass is thrown upon 
len. The beam of the lamp, besides illuminating 
38, also heats it; evaporation sets in, ami at a cert 
oaent. whan anl 


m diHtant nuclei in the middle of the field of 
speara ftlioot with magioiU rapidity in all direci 

I film of wnti'r on a window-pane on a froHty mo: 
ibite elTeeiH (juiie an wonderful sb tlieHti Latoi 
le bwinloBH HolutioriB, latent in every drop of v 

thi« marvtdlouH Btnu’turu! power, wliich only req 
witlidrawal of opp<wing foreoB to britp^ it into actio 
rhe edear litpiid now hedd up before you m a sol 
iitrate of Bilver— a compound of silver and nitric 
eii an ideetrit; current m sent through this licpiii 
er ii iavared from the acid, m the hydrogen was 
ed from the oxygen in a former experiment; a 
Itl ask y<ni to obnerve how the metal behaves 
inoleculeH ari^ ilnm Hmnmasivtdy stst frea The 5 
the cell, nnd of the two wins which dip intc 
id ot tlui c 4V!1, are now cdearly shown upon 
cm bet UB cdose the cinuut, and send the eu 
High the li<|uifL From one of the wdns ii lieai 
cr tree eoinineruMS iuum*diatcly t-o Bpnmt. Bnu 
the imitiil fire tlirown out, and umbrageous fe 
l» the briiriiihes. Yon have here a growtli, a 
y m wcmclerfiil m that of any vegelable, parf 
ii iiiinuto liefcire your eyai. Substituting ft>r lli 
ti of silver ae4.ital« of lomi, which i» ti cioiri|K>tin 
t iiud acetu! acid, tlia eleolrio current sevcw Ilia 

II the aedd, and you the irietii! slowly brnm 
^ exijUisite iiietallie ft*rns, tlu^ fronds of whieli, as 



sed m a trang|>aretit gaa, whitdi ih iiuxwi in gt 
intities with tha air of our aitnt>K;tiH<r«i!. 'riua gjo 
ned by tha union of ourlton and oxygon, iiml 
ed carbonio acid gna. T!to oarlmtiio imiil f*f tho 
ng subjected to an action ftomowiiut nnnlogoiig t«» ( 


.r 





Ilicwa I Hill II 1-4 fit I liriiiiahing forms iinm in our e 
intj4, fi«i clti lli«» moliTiilur aliriiclionH i)f tlm lilx 
*liciri iirid }i.ytlriigt!fi Ihnl aj^prawiim in the a.jroliife 
liiifl trims, 

III tlm fill! fif u natariu*! ami the nwli of llie wi- 
ve oxiifiij»!rs Ilf ntofluiriieid power. In th© con 
1114 of olituiil^try imhI in the h^rmutlon of erjBtul: 

%fti hnvo rxumpleii of molimnliir power, 
re lfnriH»«l how iliti atoriis of oxygtni anil hytl 
Itipfilmr ill fortii wiilar. I Itiive not ihtmghi i 
airy t-o ihtrll ii|«>ii thti might? mticjlmnicml emu 
sir iiel of etitfiliimitioii; but it rrm? Im mi«h ifi ju 
It iliii eli-wliiiig together of I Ih. of byilrogim nml 
oxygen to form II Ibn, of aipitiaits riifRir ii f 
ill ill*:! ulifirk of 14 weight c-if tnrii falling f 

iglil Ilf 2il feel against the oartln Now, is lire!©: 
s niciiiiH of ri\yg«ui ant! hynlrogim stionhl risa by 
III! ill iiilriirlirfris to the vtsloriiy iR^riTHpomling t 
iirfiiiiiia tiioohiifiieiil olTtiet, a nuti-iin distaiicm tnimt 
twoofi lliif It t« in rtishing enmr tli» ill 

looily y iiilJ'iitietL 

Tills iilni mi tlislari^ b#lw#on the iiltntoliiig at^: 
lliti liiglitfit iiiijiortaiion ifi our miitrefiltofi of Itr 
II Ilf till! wririiJ, For llio iiiiilter ml lli*t wiirkl iti 
biiiflistl. iiiiiler clislitiet htinlfi. afoiii» ami mol 

imli liiifii alreadf ootiibin^l anil Itnw saliiflecl 


saase STifD.oieQt distance uitorvonoB between the nttr 
; atoms, and it is this atomic motion thnt wo nliliji'.i 
r machines. Thus we can got power out of oxy 
i hydrogen by the act of their union: but oneo t 
» combined, and onco tho vilmitory molion ooiwoqi 
their combination has been exjiomiei!, no furl 
iver can be got out of thoir niutnal atlriietion, 
namio agents they arc dead. 'Phe nmterinls of 
th’s crust consist for tiio most part of substni 
ose atoms have already closed in clieinieal unio 
ose mutual attractions are satisfied. (IraniUi, fur 
noe, is a widely diffused substance; but granite r 
:s, in great part, of silicon, oxygisti, potassium, ■ 
m, and aluminium, whoso atoms unihHl long « 
I are therefore dead. Limestono is compos’d of « 
i, oxygon, and a metal called tmlcium, the iiioms 
Lch have already closed in tihcmioal nnitm, and 
refore finally at rest In this way w« miglit go o 
xly the whole of the matorials of the earth’s cn 
I satisfy ourselves tlmt titough they were sonrees 
ver in ages past, and long Imforo any creature 
xed on the earth capable of turning their power 
ount, they are sources of power no longer. And h 
might halt for a moment to remark on that tenden 
prevalent in the world, to regard everything as mi 
human use. Those who entertain this notion. In 
fiiink, an overweening opinion of their own imr 


• mnerimuue, awci m orava oxim not to wiiimper 
>ulil prove leBrt than wa had nuppoBed. Idio hi 
[tuda of miinl with reforanca to this Hnbject is 
{loot, wlio, whan asked whano© earne the rhe 
fullj aoktnwlodgad his brotherhood with the ilo 

Why tluui wt^rL thcvo, O livsil t*f lh«' ruHiO 
I in'V«n* lliunght to hhK, I never knew, 
lint in my HlmpUs igm»nmee rmpptnieh 
*rh«< mimt^ |mvvf»r ihnt hrrni|^!tl ttw ihern 
brcmj|!il ytm.* 

A fiiw axaeptioiiH Ui the general HtiUe of union t 
►leetdi‘H of t\n^ «‘urtb\s erust -vast iu ndaiiou to u 
nul in eaiiuparisiui to t!te ti>tal store of whieh tin 
! residue --siiH remiuu. They constitute our 
irees of nu>tive power. By far the most imp< 
these are our betls of uoaL Dishunui still intcu 
.ween the aiouis of earbon uiul tlume of atuum] 
^geig iieroHS which ilie may b<' tirgi’d liy 

.tiiid attraeiitms; am] we can uUli/.c the inotiou 
Hhioetl Once the earbon and the oxygen liiive r 
^etlieri so m 'to form carbonic tlunr inutiml i 
Its iir© satisfied; aml| while they cotiiiiiiie in tliii 
loiii ns dytiiMiiie iigente they are deati Our wooil 
usiH lire idno smirees of mechimicml energy | beoausi 
ve the power of uniting witli the iiltiiospherki 
ssiiig from jdaiiis k) luiimak, we fliicl that the i 




MATTER AND FORGE 


>wii and avowed that the physical philosopher 
li, must be a pure materialist. His inq[u.iries 
a matter and force, and with them alone, 
itever be the forms which matter and force ass\ 
jther in the organic world or the inorganic, whe 
ihe coal-beds and forests of the earth, or in the bi 
muscles of men, the physical philosopher will r 
d his right to investigate them. It is perfectly 
attempt to stop inquiry in this direction. Hej 
n it, if a chemist, by bringing the proper mate 
ither in a retort or crucible, could make a baby 
lid do it. There is no law, moral or physical, foi 
y him to do it. At the present moment there 
doubt, persons experimenting on the possibilit] 
iucing what we call life out of inorganic matei 
them pursue their studies in peace; it is onlj 
1 trials that they will learn the limits of their 
rers and the operation of the laws of matter 
e. 

But while thus making the largest demand for ■ 
1 of investigation — while I consider science to be 2 
^erful as an instrument of intellectual culture and 
istrant to the material wants of men; if you ask 
ither it has solved, or is likely in our day to sc 
problem of this universe, I must shake my hea 


ion 01 the proDiom. it eunretjr uj». 

ad of man may bo oompan«l to » muMital iimtrun 
Sb a certain range of notes, beyond wbieli in Imih 
lions we bavo an inlinitudo of sileiioe. '1‘iio nUeisi 
I of matter and force lie within «>ur intrlh'«'lu«l mi 
i as far as they reatdi we will at all hawirde jitudi 
[uiries. But behind, and ahovi*, and jirciund nil, 

1 mystery of this universe lies uiimdvtul, and, iu» fai 
are oonoenied, is incaf>abl« of solution. Fnshiun i 
stery as you will, with that I have nothing: l«* 
t let your conception of it not he an unworthy i 
lest that conoeption with your highest and hoi 
lught, but be oareful of pretoutUng to know m 
)ut it than is given to nmn to know. Bo enre 
)ve all things, of professing to see in the piiotixni 
the material world the evidences of iHvim* pleasun 
pleasure. Doubt those who would ihnim-e from 
: of the tower of SUoam the anger of the I^ird agm 
ee who were orushed. Doubt equally tlios«! wh- , 
.d to see in cholera, cattle-plague, ami l*ad harve 
dences of Divine anger. Doubt Ihtsm sjnriinal gui 
o in Scotland have lately pro{>Ottnded the inonstr 
ory that lihe depreciation of railway scrip is a c»*i 
of railway travelling on Sundays, lait them i 
far as you are ooncemeti, libel the aystem of iial 
li their ignOTant hypothestss. liOtiking from th# a 
Nt of thought into tbi« highest of questions, and t 
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iB these islands Ins debtor — well, I say, might 
lie old (Jarlylo scornfully retort on sueh interpret 
■ ways of Clod to men: 

Tlwi ilul!ci«r thi» univerBo wm wIm* 

iltt f«niuMl aU nmU, all HynUnuB, plaudte, particle; 

Thii plan hn fonnnd hlw worlds and «^>ni by, 

Wa^-“4l.tiafniwl*“waii thy ainiill uino-and-tliirty wndtesi 
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While sympathizing with each of its departments, and 
supplementing his culture by knowledge drawn from all 
of them, each student among us selects one stibject for 
the exeroiHo of his own original faculty — one lino, along 
which ho may curry the light of his private intolligunco 
a little way into the darkness by which all knowledge is 
surrounded. Tims, the geologist deals with the rocks; 
the biologist with the conditions and phenomena of life; 
the astronomer with stellar Tnassos and mt)ti()nH; the math- 
ematician with the relations of space and nuinher; tho 
chemist pursues his atoms; while the physituil investiga- 
tor has his own largo field in optical, thermal, electrical, 
aoouBtiaftl, and other phenomena. The British Assoc-ia- 
tion then, as a whole, faces physical nature on all sides, 
and pushes knowledge eentrifugally cuitward, the sum of 
its labors constituting what h’ichte might call tho uphtirs 
of natunil kn«)wledge. In tho meetings of tire Associa- 
tion it is found nwessary to resolve this sphere into its 
component parts, wliieh take concrete form uuder the 
resptsetive letters of our Seelions. 

Matliematies and Bhysics have been huig acmistomcd 
to coalesce, and hero they form a single section. No 
matter how subtle a natural phenomenon may be, whether 
WB observe it in the region of sense, or ftdlow It into 
that of imagination, it ia in the long run nslucdblu to 
mechanical laws. But the mechanical data onoo guessed 
or given, matliematios are all-powerful as an instrument 
of dcihKition. 'I’lie command of Geometry over the rela- 
tions of space, and the fnr reaching power which Analy- 
aia ooufors, are potent both as moans of physical dia- 

tl 


nowleclgo of pliyHioul m-ictiop wouM U* Imth frtHt U- nn«l 
icomplotio. 

Side by side ^vith tbe mathniuairul inrtb^Hi wn huvii 
\o metboxl ot expmmrnt Ih rv (r^nn a riurliiH' |niuit 
irnisbed by Ins own ri‘HPa^viu^H ur thM-r mi the 

ivoBti|G[ai<n* pvotH^ctls by c'ninbnuuy iiiiiutnnj h^pI \ crui* 
Ration, lie ])o]Mlcrs tin* lo* v- ?iml 

doH to push it furthi'r; !in pur?4Hr.. uuA plirrhi Um 
ness; bo otmjouturuH, atul oooliniH r\ph«4rH kun tmu. 
)otoe. Those geosHOS and ontijoftuip^i lur In ip» uiinuii^ 
Japs in the dark; for kn<nvlf*t!yii mui’o a 

lint light boyond its <nvn iuiuiodoao ‘I’jirro 

3 no discovery so UiHittul us not t-* dlnnijmif jpouriuiog 
cyond itsolh The foreo of iatollrotua! pr^jriuUn^ii loio 
Ills peimmbral region whieh lo-iu.d. 

\ uotj as Boino setan to tliiidc* d**prodioif op*p| 
lit upon the g(‘iiius of the iiivr-l leator, d'h* r«^ s >, 
vor, no genius st) gifttMl as iini it» iiprd t-Muind and VPU' 
cation. The ])rof(nimltmt minds kteuv Krsi injit NiOnrrfi 
rays aro not at all tionm tludr wavs, iumI that tlo- brr.da^ 
st flashes In thii world of fclnmght niv uteMoi|*!«’i«^ niial 
hey have been provml to Imvn their neintrr parin lu the 
iTOild of fact, Thns the voealnm tif the trne 
alist may bo doilnod as the eontinmal of ^p.ni 

lal inaightj and its incoHSunt eorns’tiun fuel r«n«!i./.siani, 
dis experhnenta conBlituto a Imdvj of wlucdt hm join lied 
ntuitions arc, as it wore, the stnib 

Partly through mathematical and jnirtly ibruii|.dt 
lerimental rcBoarch^ pliysical aeicmcc has, fif Init^ veiirs, 
issumed a momentouB ]voHiticm in the world, Iloih iti a 
naterial and in an intellectual jndnt of vnnv ti hui pm* 
iucod, and it is destined to produoe, innuendo rlmngea *« 






ast Hficitil auuUioralioiis, uml viiat alterations in tlie pop- 
lar conceiilinii of tin! origin, rule, and governanco of 
atuml thiiigrt. l$y Hc.iomui, in tlio physical world, mir> 
idf.H arc wroiiglit, while philosopliy is forsaking its an- 
h'lit nuHapliysical chaiuicls, nml pursuing othors which 
avo hccu (ipcned, or indicated, by soiontido rosoarch. 
‘luH must Im-cohio more and nioro tho case as philosoph- 
uil writers hccunic more deeply imbund with tho meth- 
iIh of Moienet', belter ae.i|iminU!d with tho facts whicli 
•icutilin men have eHtahlislmd, and witli tho great thu- 
rit'H whiejj they have elalmraled. 

If you liMik at the facts tif a watch, you sou tho hour 
ml minute hands, and jiowibly also a necond haml, moving 
ver the graduated dial. Why do tliese hamls move? 
ml wliy are their relativtj motions sueh ua they are ob- 
urvetl to beV 'riiese tputations cannot bo answered with- 
ut opening the walob, mantoring ite various parts, aad 
seertniuiiig their relationahip to each other. When this 
f done, wo litul that the observed motion of the hands 
ullows of netsossity fnim the inner mechanism of tlio watch 
rlicu acUnl upon by the foreo invested in the spring, 
'he motion of tho liaiids may bo called a phentimimou 
£ art, but the ease is similar with the phenomena of 
latura Tbtise alao have tlmir inner mechanism and 
heir store of force to set that mechanism going. Tho 
iltimato problem of physical soienoo is to reveal thk 
neehanisrn, to diseoni this store, and to show that, from 
he eombined iieliou of both, tlio phoiiotnena o£ which 
hey constitute the liasis. tnuRt, of necessity, flow, 

r thnnght an attempt to give yon even a brief and 
iketehv illustmtion of the manner in which aeiontifi® 
hitikers regard this pmhlem would not be uninteresting. 


; FBAQMSINW OF 8CISNUF 

you on the present occasion ; more eapocually w it will 
ve me occasion to say a word or tw<» on the tendoncieB 
id limits of modern science; U) point out the mgion 
lioh men of science claim as their own, and where it 
futile to oppose their advance; and also to doflno, if 
•ssible, the bourne between this and that other region, 
which the questionings and yeanlings of tlio aoientiflo 
telleot are directed in vain. 

But here your tolerance will be needed. It was the 
merioan Emerson, I think, who said that it is hanlly 
ssible to state any truth strongly, without apparent in- 
stioe to some other truth. Truth is ofUui of a dual 
aracter, taking the form of a magnet with two poles; 
d many of the diflerenooa which agitolti the tliinking 
,rt of mankind are to be traced to tlie oxolusivenoas 
th which partisan reaaoners dwell ujwn one half of the 
lality in forgetfulness of the other. The projper txmrse 
pears to be to state both halves strongly, and allow 
ch its fair share in tlie formation of the resultant eon< 
ctlon. But this waiting for the statement of the two 
les of a question implies patieno®. It implies a resoln- 
>n to suppress indignation, if th© statement of the on© 
If should clash with our oonviotioas; and to repress 
ually undue elation, if th© half-statement should hap- 
in to chime in with our views. It implies a determina- 
m to wait calmly for the statement of the whole, \mUm 
3 pronounce judgment in the form of either aoquimienoo 
dissent. 

ThiB premised, and I trust aooepted, let us enter upon 
w,f teak. There have been writeM who affirmed that the 
pandls 0f Egypt were natural produotioas; and in his 
rly youth Alexander von Humboldt wrote a te amed 


avumTJut'iv matmmiausm ts 

0 Bmy with the express object of refuting this notion 
Wc now regard the Pyramids as the work of men‘ 
hands, aided probably by machinery of which no reoom 
remains. "We picture to ourselves the swarming workee 
toiling at those vast erections, lifting the inert stones 
and, guided by the volition, the skill, and possibly a 
timas by the whip of the architect, placing them in thei 
proper positions. Tho blocks, in this case, were mov© 
and posited by n power external to themselves, and th 
final form of the pyramid expressed the thought of it 
human builder. 

X^et ns pass from this illnstralion of construotiv 




of eommon salt is slowly evaporated, the water whio 
holds the salt in solution disappears, but the salt its© 
rmnains hehitid. At a certain stage of oonoentration tih 
salt cAn no longer retain the liquid form; its partielei 
or molecules, as they are called, begin to deposit then 
selves as minute solids—BO minute, indeed, as to defy a 
mioroseojiio power. As evaporation continues, solidifloj 
tion go<» on, and wo (Inally obtoin, through the clustffl 
ing together of innumerable molecuUjs, a finite crystallin 
mass of a definite form. What is this form? It 8om< 
times seems a mimicry of the architecture of Egypt. W 
have little pyramids built by the salt, terrace above t« 
race from base to apex, forming a aeries of steps resen 
hling those up which the traveller in Egypt is dmggt 
by his guidea. Tho human mind is as little disposed 1 
look without questioning at th«ae pyramidal salt-crystal 
as to look at tho Pyramids of Egypt, without inquirin 


Guided by analogy, you may, if you like, suppouo 
t, swarming among the constituent moloculoa of the 
1, there is an invisible population, conlrollotl and no- 
^d by some invisible master, plaoing the atom in hlooka 
their positions. This, however, is not the sriontillo 
a, nor do I think your good seniso will acoopt it ns 
ikely one. Tlio sciontillc idea is tliat tbo rtiok'iuiles 
upon each other without the interventitm of slave 
jr; that they attract each other) and repel tmeh other, 
tertain definite points, or poles, and in eertaiii clellnite 
actions; and that the pyramidal form is the result of 
i play of attraction and repulsion. Wliile, then, the 
3ks of Egypt were laid down by a power exUiriml ti> 
mselves, these molecular blocks of salt are »«df-pc>site«l, 
ag fixed in their plaoea by the inhertint forcu's with 
oh they act upon each otlier. 

t talce common salt as an illustration, htmauaj* it is ho 
iliar to ua all; but any other crystallirii* suhst!Un*H 
dd answer my purjwBo equally well. Everywhere, in 
, throughout inorganic nature, wo have this foritmtivo 
fer, as Eiohte would call it— this atruelurid energy 
ly to come into play, and build tlie ultimato par* 
38 of matter into definite shapes. The iei» i>f «»ur 
ters, and of our polar regions, is jta handiwork, and 
also axe the quarts, felspar, and mitm of tu«r rooks. 

: chalk-beds are for the most part comjKwed of rninuUi 
Us, which are also the produot of atmotuml energy; 
behind the shell, as a whole, lies a more remtito and 
tie formative act. These shells are built up of little 
Btfflls, of oftlo-spax, and, to fom these erystals, the 
lotuxal force had to deal with the intangible mole* 
Bs of carbonate of lime. This tendency on the part 


stime definite foritm in obedionea to tlie definite aotion of 
force, k, m 1 have Buid, all-porvading. It \b in the 
ground on whicdi you tread, in the water you drink, in 
the air you breathe. Tnidpient Ufa, an it were, manireBtB 
itnalE throughout the whole of what wo call inorganic 
imture. 

dMie forniH of thti niincu’alH reKulting from this play of 
polar ft)reeB are variouH, ami exhibit ditTerent degreea of 
ctjmplexity. Men of Hoienea avail theiuHtdvoH of all poH- 
Eibla maauB of exploring thcur molecular arehitec.ture. 
For thin purpoac they aiuploy in turn, m agents of ex- 
|jloratk>n, light, heat, magnctiim, electricity, and Boumb 
Pcdaris^iod liglit in cHpecially UBaful and powerful here. 
A bcuim of Hueh light, when Bent in among the mole- 
eulcH of a ervHtal, in luded on by them, and from this 
action wo infer with more or Ima clearncaa the manner in 
which the mokcules are arranged. That diffarenoes, for 
example, exist between the inner Btructuro of rock-salt 
and that of crystairr/ed sugar or Bugar«caudy in time 
itrikingly rt^vealcal. d'hcHc aetions often tlisplay thern- 
aalvcH in chroinatic phenoiruma of great Hplcrulor, the 
play of molecular feme being bo n^guiattul m to (’auae 
the rtmcrval of some of the colortul constitnents of white 
light, while othera are left with inoreaBcd intenBity 
behind. 

And now let tin pmn from what we are aoouatomed 
to regartl m a dead miriaral, to a living gmtn of aom. 
“When tluH in examined by polartsied light, chromatm 
phenomena similar to those noticed in cryHiale are olv 
ecfVfHb And why? Because the architmstun^ of the 
grain rambles that of the crystal. In the gmm alto 


0 moleoules are set in definite positioiiH, and in actiortl- 
ce witli their arrangement they act upon the light, 
it what has built together the molecules of tlu» corn? 
jgarding crystalline architecture, I have already said 
at you may, if you please, consider the atoms ami 
fiecules to be placed in position by a I’uwcr external 
themselves. The same hypothesis is open to you now. 
it if in the case of crystals you have rejccUnl lliis no- 
n of an external architect, I think you lux' bmiml to 
eot it in the ease of the grain, and Ui i-omdude that 
3 molecules of the corn, also, arc positinl by tlie forces 
th which they act upon each other. It would he pimr 
ilosophy to invoke an external agent in the one iniSB, 
d to reject it in the other. 

Instead of cutting our grain of corn into slices and 
bjecting it to the action of polarixcd liglit, let us place 
in the earth, and subject it to a eerUiin di*grt<e of 
rmth. lu other words, let the molecules, both of the 
:n and of the surrounding earth, be kept in that state 
agitation wluoh we call heat Under these einnun- 
noes, the grain and th© substances which surround it 
leraot, and a definite molecular arohitentun) is the ru- 
It. A bud is formed; this bud reaches the surface, 
lere it is exposed to th© sun’s rays, which are also to 
regarded as a kind of vibratory motion. And Jis the 
)tion of common heat, with which the grain and the 
bstanoes surrounding it were first endowed, enabled 
a grain and these substanoes to exerois© their mutual 
tractions and repulsions, and thus to ooalesee in defl* 
lie forms, BO the speoiflo motion of the sun’s rays now 
ablea the green bud to feed upon the oarbonio aoid and 
B aqueous vapor of the air. The bud appropriates 
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ihOBe ooBStituents of both for wMch it has an elective 
attraction, and permits the other constituent to return to 
the atmosphere. Thus the architecture is carried on. 
I'orc5CS arc active at the root, forces are active in the 
blade, the matter of the air and the matter of the atmos- 
phere are drawn upon, and the plant augments in size. 
We have in auccesBion the stalk, the ear, the full corn 
in tlio ear; the cycle of molecular action being completed 
by the production of grains, similar to that with which 
the procoHH began. 

Now there is nothing in this process which necessarily 
eludes the conceptivo or imagining power of the human 
mind. An intallaot the same in kind as our own would, 
if only Buflflcicntly expanded, be able to follow the whole 
proeesB from beginning to end. It would see every mole- 
cule platuul in its position by the specific attractions and 
rapulBions exerted between it and other molecules, the 
whole prooesi, and its consummation, being an instance 
of the play of molecular force. Given the grain and its 
cuvironuH'nt, with thoir respective forces, the purely hu- 
man iutello(».t might, if BuHiciontly expanded, trace out 
d priori every step of the process of growth, and, by 
the application of purely mechanical principles, demon- 
itrate that the cycle must end, as it is seen to end, in the 
raproduotion of forms like that with which it began. A 
nceesaity rules here, similar to that which rules the plan- 
ets in thoir circuits round the sun. 

Ytm will notice that I am stating the truth strongly, 
as at the beginning we agreed it should be stated. But 
I must go still further, and affirm that in the eye of 
wlenoe the animal body is just as much the product 
of molecular force as the chalk and the ear of corn, or 


ystal of Halt or Many o! tha parla of %h% 

obviously rnochanicul. Tti\w i\m human hwirl, 
>plo, with its aystnm of valvos, or tho ox-- 

acchauintu of thn ryo or hnml Aiiima! hmt, 
•, ia tlio Hanu'. in kirn! m tln^ hmt of a lin\ h}^ 
luoccl by tht^ SHino rhrmic^al pr?Knw. Animal 
LoOj is ns cortainly tlorivotl from th«^ fom! tlm 
IS fcho motion of Trnvnthyok'n walkuig^rrigmu 
3 fnel in its ftirnaor. An roKar^n iniator, ilm 
oby c.roatos jkUJuuj,*; as royurAn il ort^atf»« 

Whioh of you by InkitiK thought oiin luhl oiio 
his statun^j^ All that him tHHUi wii«f» lliiui* m* 
tlui plant, may In’ msiatoil with rr'^gant to the 
Mvoiy parlif.ln tliat rntorn itilo tlm rom|aiPiiti«tn 
vCj a uinsclOj or a bone has hi.^fm pliiornl in iti 
by nioltu'uiar form. A mb uhIosh tho vtv^Umm 
a tlu'St'- matlors bt^ flonimb ion! tho olrrntml of 
introdinnnl, wo muat e’oitr’bnht iimt, iliti 

3f any niolerulo of tlm bmly to its onvsroiitamt, 
on in tlio body might bti ilrUTmimal niiitlioinat" 
3ur (lini(3ulty m not with the of l!io 

witli ilH ; and tlds tliflknliy miglil \m 

lie siinplo oxpausion fif the fiuniUir^n we now 
iven this axpannion, with tlm nifcieptary nioltHiio 
and tho chink might bn elnrluotn} m riffiimtiitj 
:)gically from thc3 egg m tho exi^itmaa of Hepititie 
) disturbaiuH^H of Uranim, or m eonlcuil mfraotion 
undvilatory theory oC light. 

BOO t am tiot mincing but avowing 

what many Hcicmtific thinkant inort^ or lew rii#- 
)6lieve. The farmation of a cryitali % |i!sint, m 
al, is, in thair eyas, a purely meidituioal rini^ 
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as tho crystal oE salt or suKar. Many t»f tho jmrta uf the 
body arc obviously mechanical. 'iVko tho hitmnn hoarl, 
for oxarnplo, with its system of vnlv«>.i, or take the .^x- 
(ixrisito mechanism oE tho cy<' or luunl Anitnu! bent, 
moreover, is tho .same, in kind as tho boat of a (In*, la*, 
iiig produced by tho same chemical procoss. Aninml 
motion, too, is as ciTtainiy derived from the food of tlm 
animal as tho tnotiim of Trovethyck's walking engirm 
from tho fiml in its funuict'. An regards nmiier, ihn 
animal body irriialcs nothing; ns regar>l.s fi.ive, it ere.-ites 
nothing. Whic.h of you by taking tlioughl enii add ono 
cubit to his stature.? All that has been aitid, tbeii, re* 
garding tiu! plant, may be restated with regard to the 
animal. Mvery parliido that enters jnUi the iH.mj«»sition 
oE a nerve, a musclo, or a V«me has bwn {diieed in it« 
jiosition by molecular force. And, tinlesH tin* e s wteiien 
of law ill thesti malt>'r.s In* deniei], and the element of 
caprice iiitroduceil, wo must eoiielude that, givim the 
relation of any nudccule of tlu* hotly tti its envifttnment, 
its position 'm tho body might bo delerniined mallH*in!it* 
ically. Our diflioulty is not with tlw y«ti/di/ of the pmln 
lem, but with its (•omjilt.ritif ; and this diflionlty might l»« 
mot by tho simple o.xpausion of tho faeuliiea w« now j*o»* 
sesH. Given this ex|iausion, with tho iH»eew»»ry tnole«*it- 
lar data, and tlio cditclc might bo dodiiiwtl m rig«»rt*imly 
and as logioally from tho egg ns tho exinteneo of Ne|itiiftn 
from tho ilistiirlianeos of Uranus, or as onnieal refraction 
from tlio undulatory theory of light. 

You see I am not minoing niattera, but avowing 
nakedly what many salon tifio thinkers mow or less di*- 
tinctly believe. The formation of a etyatal, a {dant, or 
an animal, is, in their eyes, a purely mwlmttteai prah- 
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lem, "vrliich differs from tlie problems of ordinary mecb 
ics, in the smallness of the masses, and the complexity 
of the processes involved. Here yon have one half of 
onr dual truth; let ns now glance at the other half. As- 
sociated with this wonderful mechanism of the animal 
body we have phenomena no less certain than those of 
physics, but between which and the mechanism we dis- 
cern no necessary connection. A man, for example, can 
say, “I feel,*’ “I think,” “I love”; bnt how does con- 
sciousness infnse itself into the problem? The hnman 
brain is said to be the organ of thought and feeling; 
when we are hurt, the brain feels it; when we ponder, 
or when onr passions or affections are excited, it is 
through the instrumentality of the brain. Let ns en- 
deavor to be a little more precise here. I hardly imag- 
ine there exists a profound scientific thinker, who has 
refiected upon the subject, unwilling to admit the ex- 
treme probability of the hypothesis, that for every fact 
of consciousness, whether in the domain of sense, 
thought, or emotion, a definite molecular condition, of 
motion or structure, is set up in the brain; or who 
would be disposed even to deny that if the motion, or 
structure, be induced by internal causes instead of ex- 
ternal, the effect on consciousness will be the same? Let 
any nerve, for example, be thrown by morbid action into 
the precise state of motion which would be communicated 
to it by the pulses of a heated body, surely that nerve 
will declare itself hot — ^the mind will accept the subject- 
ive intimation exactly as if it were objective. The retina 
may be excited by purely mechanical means. A blow on 
the eye causes a luminous flash, and the mere pressure of 
the fl.nger on the external ball produces a star of light, 
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■wHch Newton eompnreil to tlift oiwloi* on n pwiHKik’M 
tail. Nisoaso makoH people ««« viMtoiw an«l dream 
dreams; but, in all .sneh caHoa, unuld wt* esamine the 
organs implioatoil, wo bIiouIiI, m\ phiUwophieat gniutuh, 
expect to liiid thmii in that preoise mideoulur •umdilion 
wliieli tlio real olijects, if priwnit, would ?iu|it-rnidiii-i'. 

The relation of pliyMies to ccniHfiouniunw |.i’in^ Uihm 
inTivriublo, it follows liiat, given the .hIhU» of ilie l.rum, 
the corresponding tlionght or fiH-liiig mighl !«' iitfi-rrinl; 
or, given the tlioiight or feeling, the eorresjMtn.iing slate 
of tVio brain niiglit be inferreil. tbit how inferred? It 
would bo at bitttom not a ease of logimti inftu'iuiee ni all, 
but of ompirieal n.'^soeiiitton. You may ri'ply that nmny 
of the infereuees of seieiien are of this ehanioter -lh« i« 
ferouco, for exanijilo, that an eUM’trie mirreul, of a given 
direction, will defleot a nmgiietin m*eillo in a d«->iinl« way, 
Bnt the cases dilfer in thi.-i, thiit the passagn from lint 
current to tlu; needle, if not demonstrnldo, is rtuiemv- 
able, and that wo entertain no chtubl as to tUo final mo- 
chanical solution of tho problem. But th» passage fri»m 
the physics of tho brain to tlie eorresfiondiiig fnets of 
consoiousnesf) is ineoncoivahle sis a nwult of luindianses. 
Q-ranted that a definite thossglil, and a dofluitn molecular 
action in tho brain, occur sirnultanswusly ; wu clo nut jswi- 
Bcss tho intellootual organ, rmr sipparently any riulitiHUft 
of the organ, which would onablu ns t« paas, by a 
proceSiS of reasoning, from the one to the other. They 
appear together, but wu do not know why. Wen* mir 
minds and souses so oxpaniled, atrongth^ned, and iHumi* 
Bated, as to enable ua to soo and foel tho very 
of the brain; were wo oapsibto of foHowieg alt their roo* 
tions, all their groupings, all their eleotrle dtisohiM^i^ if 
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uch. there be; and were we intimately acquainted with 
he corresponding states of thought and feeling, we 
hould be as far as ever from the solution of the prob- 
em, “How are these physical processes connected with 
he facts of consciousness?’^ The chasm between the 
wo classes of phenomena would still remain intellect- 
lally impassable. Let the consciousness of love, for ex- 
ample, be associated with a right-handed spiral motion of 
he molecules of the brain, and the consciousness of hate 
i^ith a left-handed spiral motion. We should then know, 
iv'hen we love, that the motion is in one direction, and, 
(vhen we hate, that the motion is in the other; but the 
‘why?” would remain as unanswerable as before. 

In affirming that the growth of the body is mechan- 
cal, and that thought, as exercised by us, has its cor- 
relative in the physics of the brain, I think the position 
)f the “Materialist” is stated, as far as that position is 
i tenable one. I think the materialist will be able finally 
o maintain this position against all attacks; but I do not 
hink, in the present condition of the human mind, that 
le can pass beyond this position. I do not think he is 
mtitled to say that his molecular groupings, and motions, 
explain everything. In reality they explain nothing, 
rhe utmost he can affirm is the association of two classes 
>f phenomena, of whose real bond of union he is in ab- 
solute ignorance. The problem of the connection of body 
md soul is as insoluble, in its modem form, as it was in 
bhe pre-scientific ages. Phosphorus is known to enter 
into the composition of the human brain, and a trench- 
ant Grerman writer has exclaimed, “Ohne Phosphor, kein 
Gedankel” That may or may not be the case; but even 
if we knew it to be the case, the knowledge would not 
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lighten our (larlviuw. On hv\h ff i\u- hv.n^ 

asHignecl to the niaierialiHt hr in ri|Uis!Iy I? ytui 

ask him whonco k th'm uf wUirh \m\v \ivvn 

discoursing«-who or what dividnt it uH** wlit» 

or what impreBSod uiuni tlirm iltin uvvvHmt\- 
into orgauiu forius hr has no ati^wrr. oh-** ih imUr 
ill , reply to tliest* (pirnticmH. Unt if ihr . rou- 

fouiKlocl and Heit‘iier rrndt^rcHl duinin wh*» m pirpuird 
wibli a solution? To whom Inm thin urm *4 iUv I.Mrtl 
heon revealed? Let uk lowrr our hra«i^4» luol n» 
edge our ignoraruu^ nml jihiluf^i’jdirr. tuto utid ull 

PorliapB the luvHtrry luny rrnulvr unio 1. umv, 

at Homo luturo day. dMu! prorr.n,*^ of thiur'^ uj i.h!n 

earth has been one of nnudioraliim, li sh n h\in 

from the Iguaiiodon and his rontrinporari* i to tlir !*mto 
dent and Members of the ilritish Aw-^tHdufoni, And 

whether we regari! tin* iiuprovrmrut from the 
or from the tlu‘ologiv’ul point of viow un ih>" r*'.Muli isf 
progroHBive dovalopmenh or of Hm*roRHn«’ o^hdninum of 
creative energy— naither view intiiilrs m to that 

man’s present .facultieH end the iluifc th?' Ilf 

amelioration ends with liiiti. A titm* mav llH'r.di.rc nmic* 
when thin ultra^HclontiUn rt'jj;ii)u, hy which wc arc luiw 
enfolded, may oiler itaelf to tciTfHtriat, if imt u» limnnn, 
inyestigation. Two-thirda of the niyn t'luilli'il hv the nun 
fail to arouse the sense of vision. The ruys hut 

the Tisuul organ ro<[uiHiU5 for their trniishuiou into liglit 
does not exist. And ho from tliix region of ilarhiu’SN anil 
mystery which sarrounda us, ruvH may now Uv durting 
wMch require hut tlio dovol<nniumt of tlio }.ro|H'f inUil- 
loctual organs to tranalate tiiein into kiiowlclgn m far 
surpassing ours, as ours aurpasiwss that of the wallowing 
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sptiles which, once held possession of this planet Mean- 
'"hile the mystery is not withont its uses. It certainly 
lay be made a power in the hnman soul; but it is a 
ower which has feeling, not knowledge, for its base. It 
lay be, will be, and I hope is turned to account, both 
1 steadying and strengthening the intellect, and in rescu- 
ig man from that littleness to which, in the struggle for 
xistence, or for precedence in the world, he is contin- 
ally prone. 


Musings on the Matterhorn^ July 27, 1868 

Hacked and hurt by time, the aspect of the mountain 
'om its higher crags saddened me. Hitherto the impres- 
Lon it made was that of savage strength; here we had 
lexorable decay. But this notion of decay implied a 
sference to a period when the Matterhorn was in the 
ill strength of mountainhood. Thought naturally ran 
ack to its remoter origin and sculpture. H or did 
lought halt there, but wandered on through molten 
worlds to that nebulous haze which philosophers have 
3 garded, and with good reason, as the proximate source 
f alllnaterial things. I tried to look at this universal 
loud, containing within itself the prediction of all that 
as since occurred; I tried to imagine it as the seat of 
lose forces whose action was to issue in solar and stellar 
7 stems, and all that they involve. Did that formless 
Dg contain potentially the sadness with which I regarded 
le Matterhorn? ' Did the thought which now ran back to 
i simply return to its primeval home? If so, had we 
ot better recast our definitions of matter and force; for, 

: life and thought be the very flower of both, any defi- 
Science — YI — 6 
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nition whicli omits liio and tlwuglit »m«t \m inadequat®, 
if not untruo. Aro quoslions like those warranted? 
Why not? If the final go&l of man Itas not been yet 
attained; if bis dovolopmout has not boon ytst arrested, 
who can say that such yi^arningH and c|uo»tiuninga are 
not noooBRary to tho oiieiiiug of a iliior viwun, U> the 
budding and tlio growth of diviner powora? When I 
look at tho hoavmiH and the earth, at luy own iKuly, 
at my Btrongth and woakneHa, even at thew) jMnulonnga, 
and ask myself, Is there no being or thing in tho uni» 
verse that knows inoro idumt these iimtlers than I ilo; 
■what is my answer? Suiijiomng our thoojogie sohemoa 
of creation, condomnulion, and redeniption to W dinsi- 
patod; and tho warmth of denial whteh thoy wsoite, and 
which, as a motive force, can rouleh Uio warmth of af- 
firmation, disaipntod at the aame Urne; would tli« undu* 
flooted lunnan miutl return to tlio meridian of absolute 
neutrality us regards theso ullm-physioal quoationa? la 
such a position one of stable csjuilibrium ? The ehaniuik 
of thought being already formed, aucli are the quiwtioui, 
■without replies, which oould run aUiwart conimiotmmsaa 
during a ten minute' holt upon the wmthered orwt of 
the Matterhorn. 



jSelf-reverence, self-knowledge, self-control. 

These three alone lead life to sovereign power. 

Yet not for power (power of herself 
Would come uncalled for), but to live by law, 

Acting the 3aw we live by without fear; 

And, because right is right, to follow right 

Were wisdom in the scorn of consequence. — T bknysoK. 


VII 

AN ADDRESS TO STUDENTS^ 

T here is an idea regarding the nature of man 
which modern philosophy has sought, and is still 
seeking, to raise into clearness; the idea, namely, 
of secular growth. Man is not a thing of yesterday; nor 
do I imagine that the slightest controversial tinge is im- 
ported into this address when I say that he is not a 
thing of 6,000 years ago. Whether he came originally 
from stocks or stones, from nebulous gas or solar fire, I 
know not; if he had any such origin, the process of his 
transformation is as inscrutable to you and me as that of 
the grand old legend, according to which “the Lord God 
formed man of the dust of the ground, and breathed into 
his nostrils the breath of life; and man became a living 
soul/’ But, however obscure man’s origin may be, his 
growth is not to be denied. ' Here a little and there a 
little added through the ages have slowly transformed 
Mm from vrhat he was into what he is. The doctrine 
bas been held that the mind of the child is like a sheet 


* Delivered at University College, London, Session 1868-69. 
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of white paper, on which by ©(Itjcation w« cmn write 
what characters we please. I’liin ticmtriuo awuredly 
needs qnaliflcation and corrooticn. In phyait!ii, when an 
external force is applied U) a body with a view of 
affecting its inner texture, if wo wish U> pwnUct tho re- 
sult, we must know whether the exUTiial fonuj oun«pirt>« 
with or opposes the iuU'rnuI forces of the hotly itwtdf; 
and in bringing tho inilueiieo of etluenlioij to hear upon 
the new-born man his inner powon* also must he taken 
into account, lie c.ojues to u« ns a hmitUe of inherited 
capacities and tondenoicH, laholled “frtuit the indofinito 
past to the indoilnito future"; ami he makes his transit 
from tho one to tho other tlirough tlio etlucation t»f the 
present time. Tho object of that tiduoatioti is, or ought 
to bo, to provide wise exeroisa for bis capnaitics, wise 
direction for his tondouoiea, and through this exertnsa 
and this direction to furnish his mind with nuoh knowl- 
edge as may nontrihute U> the usefulness, tlia haauty, and 
tho noblonoBS of his life. 

How is this disoiplino to ha mmred, this knnwhslga 
imparted? Two rival methods now s«dieit attentioii~-ihfl 
one organized and equipped, the labor of centuries hav- 
ing been expended in liriuging it hi its present slaUi of 
perfection; the other, more or less chaotic, but Iwcorning 
daily less so, and giving signs of enormous p<iwer, holh 
as a source of knowledge and ns a means of discipline. 
Those two methods are tho elassical and the scicniifle 
method. T wish they were not rivals; it is only bigotry 
and short-sightodnosH that make them so; for awuirctlly 
it is possible to give both of them fair play. Though 
hardly authorized to express an opinion upon the sub- 
ject, I nevertheless hold tho opinion that tho pmper 
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study of a language is an intellectual discipline of the 
highest kind. If I except discussions on the compara- 
tive merits of Popery and Protestantism, English gram- 
mar was the most important discipline of my boyhood. 
The piercing through the involved and inverted sen- 
tences of Paradise Lost”; the linking of the verb to its 
often distant nominative, of the relative to its distant an- 
tecedent, of the agent to the object of the transitive verb, 
of the preposition to the noun or pronoun which it gov- 
erned, the study of variations in mood and tense, the 
transpositions often necessary to bring out the true gram- 
matical structure of a sentence — all this was to my young 
mind a discipline of the highest value, and a source of 
unflagging delight. How I rejoiced when I found a great 
author tripping, and was fairly able to pin him to a cor- 
ner from which there was no escape! As I speak, some 
of the sentences which exercised me when a boy rise to 
my recollection. Por instance, “He that hatb ears to 
hear', let him hear”; where the “He” is left, as it were, 
floating in mid-air without any verb to support it. I 
speak thus of English because it was of real value to me. 
I do not speak of other languages because tbeir educa- 
tional value for me was almost insensible. But knowing 
the value of English so well, I should be tbe last to 
deny, or even to doubt, the high discipline involved in 
the proper study of Latin and Greek. 

That study, moreover, has other merits and recom- 
mendations. It is, as I have said, organized and sys- 
tematized by long- continued use. It is an instrument 
wielded by some of our best intellects in the education of 
youth; and it can point to results in the achievements 
of our foremost men. What, then, has science to offer 
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wMcli is in the least degree likely U> ttninpeto with such 
a system? I cannot bettor reply tlmu by ret-urring fco the 
grand old story from which I have alrtJady cjimtod. 8{»eak- 
ing of the world and all that tliorcin is, of the aky natl the 
stars around it, the ancient writer says, "And God brw all 
that Ho had made, and behold it wna very gtK>d." h m 
the body of things thus doscrilKid which mdmice offers to 
the study of man. There is a very renowned argument 
much prissod and much quottul by Uieidogiana, in which 
the universe is compared to a watch, I*«t ua <leal practi* 
cally with this comparison. Supplying a waUdi-inaker, 
having completed his instrutnent, to l«i ao aatiKiied with 
his work as to call it very gowl, what would you under* 
stand him to moan? You would not supjsoso that ha ra* 
forred to the dial-plate in front and the ohaaing of the case 
behind, so much as to the wIicoIh and pinions, tho aprings 
and jewelled pivots oC tho works within —to ihosn cjunli* 
ties and powers, in sluirt, which cnablo the watedt to per- 
form its work as a keeper of time. With nsganl to tlia 
knowledge of such a wahdi ho wouhl Im a mere ignormnus 
who would content himself witli outward in»{welion. I do 
not wish to say one severe won! hem to-day, but I fear 
that many of those who are very loud m tludr praise of 
the works of the Lord know them only in tfiiii owteido and 
Buperfloial way. It is tho inner works of the uni versa 
which science reverently uncovers j it is th« study of the«» 
that she recommends as a discipline worthy «U iWKn'p. 
tation. 

The ultimate problem of physios is to reduoti msttor by 
analysis to its lowest condition of divisibility, and foroa 
to its simplest manifestations, and tlian by synthesis to 
construct from these elements the world as it stends. We 
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are still a long way from tlie final solution of this prob- 
lotn; and when the solution comes, it will be more one of 
spiritual insight than of actual observation. But though 
we are still a long way from this complete intellectual mas- 
tery of nature, wo have conquered vast regions of it, have 
learned their polities and the play of their powers. Wo 
live upon a ball of 8,000 miles in diameter, swathed by 
an atmosphere of unknown height. TJiis ball has boon 
molten by heat, chilled to a solid, and Ho\di)turod by water. 
It is made up of substances possessing distinctive pro])cr- 
ties and modes of action, which olter problems to the 
intellect, some profitable to the child, others taxing the 
highest powers of the philosopher. Our native sphere 
turns on its axis, and revolves in apaeo. It is one of a 
band which all do tho same. It is illuminated by a sun 
which, though nearly a hundred millions of miles distant, 
can be brought virtually into our closets and there sub- 
jected to examination. It has its winds and clouds, its 
rain and frost, its light, heat, sound, elootrioity, and mag- 
netism. And it has its vast kingdoms of animals and 
vegetables. To a most ama/.ing extent tho human mind 
has compiorod those tilings, and rovoale.d tho logic which 
runs through thorn. Wore they faots only, without logical 
relationship, soionoo might, as a means of discipline, suffer 
in oomparison with language. But the whole body of 
phenomena is instinct with law, tho facta are hung on 
principles, and tho value of physical science as a means 
of discipline consists in tlio motion of tho intellect, hoth 
inductively and doduotively, along tho lines of law marked 
out by plionomona. As regards tho discipline to wliich I 
have already referred as derivable from tlm study of lan- 
guages — tliat, and more, is involved in tho study of phys- 
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ical science. Indeed, I believt^ it would 
limit and arrange tlu> Btudy (d a portit 
to render tlio mental oxendne invohu^ti in 
tatively tlie same an that itivcdvtul in the 
language. 

I have thus far coiifitHal rnvHtdf to thr 
ual side of this (luestion. Hut man is imt 
he were so, science wouhl, I ludieve, lu* 
ment. But ha feels as well as thinks; h 
the sublime and beautiful as well nn of tl 
I believe that oven the intelleetna! uefi< 
man is, consciously or nmonseiously, sns 
dercurront of the emotions. It is vain 
arate the moral and emotional from tlie 
a man but observe himself, and ho will, 
find that, in nine oasem out of tini, tlm mt 
the motive force which pushes his itilel 
The reading of the works of two mmi, ne 
bued with the spirit of modern Hmmiet' 
indeed, friendly to that spirit— has plimetl 
These men are the English Carlyle mv 
Emerson. I must ever gratefully rfunanf 
three long cold German winters Carlyle ] 
tub, oven when ice was on its surf net:*, 
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all my consequent intellectual action 
this purely moral source. To Carlyl 
ought to add Fichte, the greatest rep: 
idealism. These three unscientific mer 
tioal scientific worker. They called oul 
ened to the summons, taking the liberl 
termining for mysolf the direction w! 
take. 

And I may now cry “Actl” but tin 
must be yours. I may pull the trigger 
not charged there is no result. We 
intellectual world as little as in the ] 
remove obstacles, and render latent ca 
we cannot suddenly change the nature < 
birth” itself imj)lieH the })re-oxiHtonce o 
requires not to bo created but brought 
by any amount of missionary labor sude 
savage into the civilized Christian. T) 
man is aectdar — not the work of an houi 
though indubitebly bound by our orgi 
knows what the potontialitios of any hu 
requiring only rolcjiso to bo brought into 
in the mineral world certain crystals— 
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filed— the proiuii- wonl t<» he npoki-ti to rmn.no n 
t, and to render yon eonseions o{ luid wnrn 

bin yonrHelvefl and aonreert of l»«lh to oihora. 

The circle of human ruitur*', then, in not «’ornji!ot« wi 
the arc of tlio emotions. The lilies of ti»e fleh! h; 
Mine for n.s beyond llmir ItnlanieHl ones ii eet! 
itoniiie' of the heart Heeomiiani<-s the tieehimlion i 
jlouion in all his glory was not arrayed like one 
se.” The Hound of the village hell has a value hoy. 
acoustical one. Tlio setting sun has a v alue h.'yoii.l 
;ical one. d'lio starry heavens, ns yt»u know, had 
maniiol Kant a value heyond their astronojuieal « 
bink it very desirnl.le to keep this horizon nf the ei 
ns open, and not to permit either pnesl or philosop 
draw down bis sliulKWH lietwreen you ntol it. Il.'re 
id languages, whiedi are sure to In. heateii hy seie 
the purely intellnetual tight, have an irresisiihh’ ■' * 
oy supplement the work of seienee hy evnUiuir 
ining the aistluitio faeulty, ainl must on this a-'i-ioi ,! 
sriabod by all who desiro to sen hiiiuim eultur*' .-onu*!! 
ore must bo a wiason for th« faseinalion whieh t! 
iguages have ho long exornised upon {«*w»»rful and 
ted minds— a faseination which will |irtd«ildy emili 
• men of (Irook and llonuin mold t<» the end of tiim 
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wMcIl a decision miglit be based being ab 
cipline of suspending the judgment is a ( 
science, but not so common as it ought t 
I walked down Regent Street some time i 
of great gifts and acquirements, discussing 
ous theological questions. I could not a< 
of the origin and destiny of the uniyerse, 
pared to enunciate any definite views of 
turned to me at length and said, ‘‘You su 
a theory of the uniyerse.” That I should 
another have solved this mystery of m; 
to my friend a matter of course. “I ha 
theory of magnetism” was my reply. We 
to wait. We ought assuredly to pause bef( 
the advances of those expounders of the ^ 
men, who offer us intellectual peace at t 
of intellectual life. 

The teachers of the world ought to be its 
for the present at all events such men n 
trust. By the fulness and freshness of * 
and utterances they must awaken life i: 
hopes and terrors which influenced our fat! 
away, and our trust henceforth must resi 
strength of man’s moral nature. And hei 
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deal with conceptions which Hcictitni wim 
the illustrator and interpreter of that t 

‘Mohovah, .1»»vih ur Lni'ii/* 

has liitherto filled and Htreuirttu^neil ihv li 
Let mo titter onc' practirul wc^rd in 
care oE your health. There have ir 

attctilion to this point might havt* rwrii it 
might have made great ilimsuveriifH, writl 
commanded anniea, <u‘ ruled ntatim, but 
neglect of this point have come pi muliiiii 
ciiles as oarsman in a r<itten bout; \fliiit 
but by the very fori'c of his Htrok*^ exjte 
his craft? Take care tlum of ihe iiiubei 
and avoid all praoticoB likely to introiltii 
dry rot among them. And this in not In 
by desultory or inUumiittmit eiroils id the 
formation of hahiis. ^flie wilt m> ihuibi I 
put forth its strength in onter Iti iTush l 
tation, But the formation of rigltl liiiliit 
yomr j^raaanent wmirity. They dimitiii 
of falling when assailed, and iliciy aiigmui 
of recovery when overthrown 


If wcraM^it know the mystic 
0bwai@d' wh«ii Ike sphere was y< 
Aloft, abroad, Uio pcmn iwolk, 

0 wise man liear'st tlum lialf it tc 
To the o|->en mt It iinga 
Tlio oiirlj gtmwls of things; 

Of loiidcuioy through tmdkms agM 
Of atar-dust and star pilgrimagea, 
Of rounded worlds, ol k|«ic© and t 
Of the <dd lhK)ds’ HubHid’mg hIIkm), 
Of elunide matter, foree and fonUi 
Of jK»liM ami |K>wor«, wdd, w<d., m 
The rushing nmtmnorphmia 
Bissolvlng all that tlxture Is, 
Melti thingi that he to thlngii tha 
And soUd nafcufo to a 

Wai w&r’ eln OoH 4mt mu ?on atiH?i 
Im ICrela das All am Finger kufon ) 
Ihm rdomt’s, tile Welt im Tnnem an 
Halur in i^eh, BIch fn Jf amr m 
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|)hyHhsiI Investigation, iiK»ro than anythli 
W tfit Mtoal vaUit and right rntt of tbi 
whkh, left to ramble imeontrtdleti, lomk u« iwtray intc 
and ^rora, a land el misti anil «lmclt>w« ; hut wlii< 
experltneii and rtitleetien, btxKnmiii the indAwt altolbi 
petfe femhw, the itmtnwneul of dli«>very In 8oi«i«, 
M#wtoa would never liavo inv«ttt«l fluixioa% n« & 
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indirectly the intolloot and will, I t<Kik wit 
works, comprising two volumcH of ptwitry, (lot 
benlehre,” and the work on “Logic” rtHmntl 
by Mr. Alexander Bain. In (imstlie, Hi» nobl 
I chiefly noticed the solf-inflietisd hurta of g 
broke itself in vain against tlie philoaophy 
Mr. Bain I found, for the most part, IwirmHl lu 
shining generally witli a dry light, but eshildt 
a flusli. of emotional Htwmgth, whieb pn»v«« 
logi.ianH share the common tiro of huiimtuty 
estod mo most when ho bocumo tbo mirror i»f i 
dition. Neither intolloctnany nor siwinUy is 
man to he alone, and tiio sorrtiws of tlumgl 
patiently homo when wo And that they ba\ 
porioncod by another. B'rom oortain passi 
book I could infer that Mr. Bain was no sirai 
sorrows. 

Speaking for example of tho tibb of inudl 
which wo all from time to time experioiuH 
says: “Tho uncertainty where to look for Un 
ing of discovery brings tho pain of eoniHet and 
of indecision.” These words have in them t; 
of personal experience. Tho notion of the in 
periodic. lie grapples with a subject of imiu 
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ditions tliat I had to equip mysel! for 
ordeal that are now come. 

The disciplines of common life are, i: 
oiaes in the relations of apace, or in the 
of bodies in apace; and, l>y such excreiaea 
ia, to Homo extent, prejiarcd for the rec( 
conoeptioiiH. Asauming thia preparation 
■wish gradually grew within me to true 
you to trace, aome of the more oooult fc 
tions of Light and Color. I wished, if 
you beyond the boundary of mere of 
region whore things are intellectually ' 
show you there the hidden rneohaniam 

But how are thoae hidden things to Iv 
loaophers may he right in affirming tha 
Bcend experience: wo ean, at all events 
way from ita origin. We can magnify, 
and eombine ex^)erience8, so as to rtnidei 
poses entirely new. In explaining sen 
wo hal)itually f<irm numtal images of ■ 
There are Torioa evtm ia seienee who rt 
aa a faculty to be feared ami avoided 
ployed. They have observed ito action 
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tions. Out of tho fiiote of choniistry 1 
imagination of Dalton formod Uio aknnit: 
■was richly endowed ■with the iiiiHginativi 
■with I'araday its exercise was ineessiint, 
companying and gniding all hi« exj 
strength and hirtility us a discoverer is 
in great part to llie sliinuhm of his intii|. 
tide men light shy uf the word beean 
scientiAo connotatii>nH; but tho fact is, tl 
exercise of this p<)wer, our kntiwledge c; 
be a more tabulation of co-exisU'iiees and 
should still l)cru)vo in tlje stiemisstou of d» 
summer and winter; but tlm etmtseplion 
vanish from our universe; causal relatim 
pear, and with, them that seieuue whie.h 
the parts of nature to an organic wholo. 

I should like to illustrate by a few i 
the use that seiontilie men havts alread* 
power of imagination, and to indit-ate idi 
the further uses that they are likely Ut n 
us begin with tho nuliniMiitary experimiee 
falling of heavy rain-drops inlt* a traiujt 
drop as it striktss tho water beeoines a re 
ance, from wliich a series of ring- rip jdes e 
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lin’s, tlie tick of the drop is heard. ]Sr< 
impulse is propagated, not at the rate of 
rate of 4,700 feet a second. In this case i 
ity, but the elasticity of the water that 
Every liquid particle pushed against its 
up its motion with extreme rapidity, i 
propagated as a thrill. The incompresj 
as illustrated by the famous Florentine 
measure of its elasticity; and to the f 
property, in so high a degree, the rapi( 
a sound-pulse through water is to be asc 
But water, as you know, is not necei 
duction of sound; air is its most commc 
you know that when the air possesses tl 
sity and elasticity corresponding to th' 
■freezing water, the velocity of sound ii 
a second. It is almost exactly one-fourt 
in water; the reason being that though t 
of the water tends to diminish the veloci 
molecular elasticity of the liquid far mor 
the disadvantage due to weight. By var 
we can compel the vibrations of the air 
selves; we know the length and frequenc; 
waves, and we have also obtained great 
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In the phenomena of sound, we travel 
from downright sensible experience. Sti 
tion is to some extent exercised. The boc 
ample, cannot see the condensations and 
the waves of sound. We construct them 
we believe as firmly in their existence as 
air itself. But now our experience is to b 
new region, where a new use is to be made 
mastered the cause and mechanism of soui 
know the cause and mechanism of light, 
tend our inq[uiries from the auditory to 1 
There is in the human intellect a power < 
might almost call it a power of creation — w 
into play by the simple brooding upon fac 
of the spirit brooding over chaos may ha 
experience of this power. In the case now 
manifested itself by transplanting into spa 
poses of light, an adequately modified form 
ism of sound. We know intimately whe 
ity of sound depends. When we lessen 
the aerial medium, and preserve its elastic 
augment the velocity. When we heightei 
and keep the density constant, we also auj 
ity. A small density, therefore, and a gre 


SCIENTIFIC USE OF THE IMAGIN^ 


Let us then carry our results from the 
into the world of sense, and see whether ( 
do not issue in the very phenomena of ligl 
nary knowledge and skilled experiment re-v 
the multiplied varieties of these phenom< 
those « of the most remote and entangled de 
fundamental conception always brings us fa< 
the truth; if no contradiction to our dedm 
be found in external nature, but on all si 
and verification; if, moreover, as in the ct 
Eefraction and in other cases, it actually fc 
attention pTienomena which no eye had pi 
and which no mind had previously imagine( 
ception must, we think, be something moi 
figment of the scientific fancy. In forming 
posite and creative power, in which reason 
tion are united, has, we believe, led us ini 
less real than that of the senses, and of wl 
of sense itself is the suggestion and, to a gr 
outcome. 

Far be it from me, however, to wish t( 
movably in this or in any other theoret 
With all our belief of it, it will be wel 
theory of a luminiferous ether plastic a: 
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anything. What in your warrant f<*i 
Simply and solely this: ynnr follow t'i 
if they were reasonable; the hypothcsi)' 
more, accounts for the facts. 'I’o take 
pie: you believe that our Prcsiilcnl is i 
Why? There is no known incthtKi o 
which any one of us can apply hinisc 
any other, so as to <lonu»uKtnite coincide 
possession of reason. If, therofore, y<! 
dent to be reasonable, it is bccntiso In 
were reasonable. An in tho enw' of tin 
“(M if' you cannot go. Nay, I alnnil 
close comparison of tho data on which 1 
caused many respectable persons to 
ether had the best of it 

This universal medium, this light-ct 
is the vehicle, not the origin, of wavc-n 
and transmits, but it does not crent*. 
derive the motions it conveys? Por t 
luminous bodies. By the motion of a 
do not mean its sensiblo motion, such 
candle, or the shooting out of rod pro 
limb of the sun. I mean an intestine n 
or molecules of the luminous body. 
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eciiles accept, without hesitation, the Undulatory [ 
of Light. Like you and me, they one and all be! 
an ether and its light-producing waves. Let us 
>r what this belief involves. Bring your imaginat 
e more into play, and figure a series of sound wi 
dng through air. Follow them up to their ori 
what do you there find ? A definite, tangible, vil 
body. It may be the vocal chords of a human be 
lay be an organ-pipe, or it may be a stretched sti 
low in the same manner a train of ether- waves to 1 
rce; remembering at the same time that your eth< 
ter, dense, elastic, and capable of motions subject 
determined by, mechanical laws, What then do 
ect to find as the source of a series of ether-wa"^ 
c your imagination if it will accept a vibrating ] 
0 proportion — a numerical ratio in a state of osc 
L? I do not think it will. You cannot crown 
ice with this abstraction. The scientific imaginat 
ch is here authoritative, demands, as the origin 
36 of a series of ether-waves, a particle of vibra 
ter quite as definite, though it may be excess!^ 
ute, as that which gives origin to a musical soi 
h a particle we name an atom or a molecule. I tl 
intellect, when focused so as to give definition witl 
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waves generated iu the ether l>y tht; 
Inminous bodies are of dilb'iTnt lengt 
The amplitude is the width of Hwiti^ 
particles of the waves, lu waU'.r-Tsavi 
height of the crest above the trough, 
the wave is the horizontal tlistaiioe 1 h>' 
tive crests. The uggn'gute of waves < 
may bo broatlly divided iuU» two ela 
competent, the other incompeUnit, to 
the light-producing waves dilfer marl 
selves in size, form, and force. 'I’he It 
of these waves is about twice that of t 
amplitude of the largest is probnldy a 
of the smallest Mow tlie foren of ei 
which, expressed with roforence to se 
intensity of the light, is proportional tt 
amplitude. Hence, the amplitutle heir 
the energy of the largest light-giviu; 
ten- thousandfold that of tlu' smallest 
probable. I use these tigurcs not witl 
ical accuracy, but to give you tiellnite 
enoes tliat probably exist among the 
And if we take the whole range t»f i 
account^ — its non-visual as well as i* 
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or tlie STilpliide of carbon, all the wave* 
the smallest ones most. This fuimishes 
rating the different classes of waves fr 
other words, of analyzing the light, i. 
fracting prism, the waves of the snn a 
different degrees from their direct conrs< 
violet most. They are virtually pulled 
paint upon a white screen placed to 
solar spectrum.” Strictly speaking, 
braces an infinity of colors; but the 1 
and of our powers of distinction, cans* 
into seven segments: red, orange, ye 
indigo, violet. These are the seven pr 
colors. 

Separately, or mixed in various pro 
waves yield all the colors observed ir 
ployed in art. Collectively, they give 
of whiteness. Pure unsifted solar lighi 
all the wave-constituents of such light 
same proportion, the light, though dii 
sity, will still be white. The whiteness 
sun shining upon it is barely tolerable 
same snow under an overcast firmam 
Such a firmament enfeebles the light I 
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It ’Will be underntnotl that tiie ectii. 
’would fail if all the waves ’wore' diiruni 
the same absolute quantity, 'ritey i»u 
portionaiely, instead of eciually- It by 
tion the •waves of red liglit are sidil 
then, to preserve tiie liglit white, the 
orange, green, nnd blue, iiin.st also 1 
halves. In short, the, re<lue.tion uin.st 
absolutely equal quantities, but by e<(u 
In white light the pn-pouibTiuiee, us 
the larger over the smaller wave.s m 
mense. Were the eHS(* otherwisi", the 
hliie, of the smaller waves wtuibi have 
our sensations. 

Not only are the waves of ether n 
by solids, and by liijuids, but when ih 
air to den.se, or from dense air t,o liyl 
wave-motion is always refleet<nl. Kie 
clmiigcs continually in density from i 
will help our conceptions if wts n-gnril 
a series of thin concentrio layers, or 
shell being of the same thmsitv tbrouj 
sudden change of density oee-urring in 
to shell. Light would Im reflected at I 
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is dispersed in space. Light thus reflected car 
refore, he the light of the sky. 

But, though the sun’s light is not reflected in 
lion fronii the aerial layers to the earth, there is 
itahle eyidence to show that the light of our firman 
cattered light. Proofs of the most cogent descrip 
Id be here adduced; hut we need only consider 
receive light at the same time from all jmrts of 
lisphere of heaven. The light of the firmament co 
us across the direction of the solar rays, and e 
inst the direction of the solar rays; and this Ia1 
opposing rush of wave-motion can only be due to 
>und of tlie waves from the air itself, or from sc 
ig suspended in the air. It is also evident that, un 
action of clouds, the solar light is not reflected by 
in the proportions which produce white. The 
)lue, which indicates an excess of the shorter wa 
accounting for the color of the sky, the first qmes 
gested by analogy would undoubtedly be, Is not 
blue ? The blueness of the air has, in fact, been g: 
i solution of the blueness of the sky. But how, il 
he blue, can the light of sunrise and sunset, w 
mis through vast distances of air, he yellow, ora 
even red ? The passage of white solar light thrc 


size on tne 
all alike. I 
of this may 
comparison 
indifferently 
easily as a 
the presence 
ferences of 
disappear, 
of being yei 
the size of 
wave being 
is shivered 
such a parti 
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A pebble, placed in tbe way of the riBg-ripj; 
by lueavy laindrops on a taranquil pond, will s 
fraction of each ripple, while the fractional p^ 
wave thrown back by the same pebble mig 
toimaJ. Now we have already made it clear 
that to pre^rve the solar light white its ooi 
portions must not be altered; bnt in ihe a<] 
performed by these very small particles the 
are altered ; an undue fraction of the smaller v 
tered by the particle, and, as a conseqnence 
tered light, blae will be the predominant 
•other colors of the spectrum must, to som 
associated with the blue. They are not abs 
cient. We ought, in fact, to have them all, 
ishing proportions, from the violet to the rec 
We have here presented a case to the ima^ 
assuming the undulatory theory to be a reali 
I think, fairly reasoned our way to the con 
were partieles, small in comparison to the size 
waves, sown in our atmosphere, the light 
those particles would be exactly such as w 
our azure skies. When this light is anab 
eolors of the spectrum are found, and they 
the proportions indicated by our conclusion. 
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appear yellowish. But as the «u« sinks 
zon the atmospheric distances incrciwo, ju 
the number of the scattering partiehw. 'J 
succession the violet, the indigo, the him 
turb the proportions of grotm. The tmns 
der such circumstances must pass from 
orange to red. This alsf) is exactly what 
ure. Thus, while tho reflected light gives 
deep azure of tho Alpine skios, the transm 
us at sunset the warm crimson of the Alpl 
phenomena certainly cxjcur a$ if our atn 
medium rendered slightly turbid by Uio 
pension of exceedingly small fortsign parti 
Here, as before, we encounter our si- 
lt is one of the parasites of acienoe, evi 
ready to plant itself and sprout, if it cm 
points of our philosophy. But a strong cc 
the parasite, and in our oasci, as w« qu 
nomena, probability grows like growing 
the end the malady of doubt is coinp!« 
The first question that uatundly arisem is 
particles be really proved to act in the ini 
Ho doubt of it. Bach one of you can subi 
to an experimental test. Water will not 
but spirit will dissolve it; and when spii 
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gram of clean mastic is dissolved ia eigiity 
of absolute alcobol, and tbe transparent solut 
to drop into a beaker containing clear water, 
stirred. An exceedingly fine precipitate is 
wbiok declare its presence by its action 
Placing a dark surface behind the beaker, m 
the light to fall into it from the top or front 
is seen to be distinctly blue. It is not perhs 
a blue as may be seen on exceptional daj 
Alps, but it is a very fair sky-blue. A tra( 
water gives a tint of blue. London, and ! 
pool, milk makes an approximation to the 
through the operation of the same cause; ai 
has irreverently disclosed the fact that the 
eye is simply a turbid medium. 

The action of turbid media upon light 
hy Groethe, who, though unacquainted with tl 
theory, was led by his experiments to rega 
ment as an illuminated turbid medium, with 
of space behind it. He describes glasses 'sho 
yellow by transmitted, and a beautiful blue 
light. Professor Stokes, who was probably tl 
cem the real nature of the action of small pj 
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precipitate, you may render the white lig 
ruby -colored aa the sun, when seen thro 
smoke, or upon Alpine horizons. I do 
point to the gross smoke arising from coal 
tion of the action of small particles, becao 
soon absorbs and destroys the waves of b 
sending thorn to the eyes of the observer. 

These multifarious facts, and numberlei 
cannot now bo referred to, are explained 
the single principle that, where the scatteri 
small in comparison to the ethereal waves, 
reflected light a greater proportion of the 
and in the transmitted light a greater pr< 
larger waves, than existed in the origin 
The consequence, as regards sensation, is 
case blue is predominant, and in the otlier 
Our best microscopes can readily reveal o 
than »)riir»th of an inch in diameter. This 
length of a wave of red light. Indeed a 
scope would enable xis to discern objects n 
diameter the length of the smallest waves 
spectrum.' By the microscope, therefore, 
particles. If they be as large as the light- 
infalliblv be seen; and if thev be not so 
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detection. But no pirliclen were stee 
scope the turbid liquid w»8 not to i 
distilled -water.' 


But we have it in our power 
closely than we have hitl ‘ 
of this problem. We ca 
and prove their perfect 
regards the exhibition ol 
phenomena. By a contmo 
over, we are able to cionneot aky-ma! 
term, with molecular matter on tht 
molar matter, or matter in nenaiblw 
In illustration of thiR, I will tiik« an 
by some of my own reaeurcht’ii, ami 
ren of Marseilles at tho Kxrter metn 


sociation. Sulphur and oxygon omn 
ous acid gas, two atoms of oxygioi 
constituting the inolcoulo of sulphur*: 
recently shown that wav oh of ether 
source, such as the sun or the elw irt 
to shako asunder the atoms of gin 
chemist would call tins "decomposit 
behooves us, who am examining tie 
of tiie imatrination. to ke«u consUinti 
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eye. Thu^, without Halutioii of o«oiliiiuily. -wv ^lurt with 
matter in tha atom, mul and with iimitrr m Um mum; 
aky-matter being the mickilr k'rin mC iha td tmtin- 

formations. 

Instead of iulphurouu arid, \vv lus^dii a thr^en 

other BUbstancaH, and prt*dii('r tlir i^iiin** wiUi nil u( 

them. lu the eune uf wmo* jindmlfly ni Uu* t.i' nil- 
it is posHililu to presrrvo nmtti'r tn tlur iirtuniyniijd I'reoli* 
tiou for (ifteen or iwtmty innitiit^n midrr tho n.iitmual 
operation of tha light. 1 hiring idu-m i»r twenty 

minutos i^ha particles tuin^tanlly grow liirr«T, wsi}itn,it rver 
exceeding the size rt^fjuwik ihr prodnoiimi %d ils«^ ndtis^ 
tial blna. Now wlirn two arr phirrd bid^rr ub, 

each oontaming iky^mattrr, it m j^%«fuldp k* with 

great distimatneis wlueli ih«i IurKoi^i jsar* 

tides. The eya is very diilrmiorti «»i light, 

when, as in our cxperiinnita, it m pb^-t’d tn iHHupnnaiva 
darkness, and the wavn^^motion thrt^wit agiuii.Hl ihr rrtina 
is small. The larger pariiidi's derlw Uwtnnrhr^ hy the 
greater ■whitetteii of ihair sriitterrdi light t'lill n^w to 
mind tihe obsenratian, or ettort t%i oiwrrvuUMo, tumh by 
our President, when he failed ki dwinigHi?ili iis«* jnuindoi 
of mastic in Brucktdi medium, and when Imvr dntie 
this, please follow me, A lK*am of light In pitu'iniiied to 
aot upon a certain vapar. In two nunttirM tho iip* 

pears, but at tha end of iifteen rniruik’^i^ it low ihU 
to be azure. After fiffeetm inmntw 11^1 iMdor, msd mntm 
otJier phonomena, pronemnee it Un be m hhw of dwiowtly 
smaller partioles than those mmghl for in vmis l*v Mr. 
Euxley* These particd®R, m alnmdy wtaii’^d, mui?i hnCo 
been less than rff^Viirth of an Intdi in dmmrirr. And now 
I want you to insider Uie foUawing c|uufiin»n: lU^ro urn 
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particles whioli have been growing continually for fifteen 
minutes, and at the end of that time are demonstrably 
smaller than those which defied the microscope of Mr. 
Huxlej' — What must have been the size of these particles at 
the beginning of their growthf What notion can you form 
of the magnitude of suoh particles? The distances of 
stellar space give us simply a bewildering sense of vast- 
ness, without leaving any distinct impression on the mind; 
and the magnitudes with which we have hero to do bewil- 
der us equally in the opposite direction. We are dealing 
with infinitesimals, compared with which the test objects 
of the microscope are literally immense. 

Small in mass, the vastness in point of number of the 
particles of our shy may be inferred from the continuity 
of its light. It is not in broken patches, nor at soattered 
points, that the heavenly assure is revealed. To the ob- 
server on the summit of Mont Blanc, the blue is as uni- 
form and coherent as if it formed the surface of the most 
close-grained solid. A marble dome would not exhibit a 
stricter continuity. And Mr. G-laisher will inform you, 
that if our liypothotieal shell were lifted to twice the 
height of Mont Blanc above the earth’s surface, we should 
still have the aziure overhead. By day this light quenches 
the stars; even by moonlight it is able to exclude from 
vision all stars between the fifth and the eleventh magni- 
tude. It may be likened to a noise, and the feebler stellar 
radiance to a whisper drowned by the noise. 

What is tlvo nature of the particles which shed this 
light? The celebrated Do la Eive ascribes the haze of 
the Alps in line weather to floating organic germs. Now 
the possible existence of germs in sucli jirofusion has been 
held up as an absurdity. It has been afllrmed that they 
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would clarkon the air, anil on thf* n>^H!niir*i uni'n.Hsil*j}|ty 
oi their exiatenci* in the rmpuMii^ iHiuil*. w, witi^uu inva- 
sion of the fiolnr ligbh an ii|i!arrn!h |M»uruni nriMunmil 
has been Iwed hy lH‘hfn*'nH ni mhv 

Similar arguments have hmi unra hv fht- nf 

tlio germ theory of epiih'inir ihseir «*. iuiv«' tnuuiiih 

antly ehallcmgecl an a|»iM nl to tlo' n nn»l the 

chcmiHt’H halatum deeute iht- *|U* u.o!i Sui-h uriru. 
mentB, however, are fomnhnl tm a lu^jnium.inee 

with the powers urnl jirtq»ortie« of itnitn r. W^rlsMut roju 

mittiug mynelC \\\ tln^ leiint to la? la lu%f^ n Oi ihr 

doctrine of Hpoiitancmm peiirmiioin or !.> iho rma ihrMfy 
of (liHoaHe, I would Himplv draw a*l«'ii!.on n» druinii-^ 
Btrable fact that, in the aimo-jdiri.'. ioiio p^iturlcf^ 
which defy both the iuioroHi*oj-o niiil !h«- %yhu’h 

do not darken the nir, and wloeli ue wrilodr’-^^-i. ui 

multitudes HUihcimit to reduee Ik sa^jr oiU»-.usre thr I^r:u‘l 
itish Jiyjmrlade rt^mrdmu liie npou ihr ?•.. 4 

The varying judgments of iiiff'ii mu lurm^ nn.l niher 
questioui uvuy perhajm he, to HMtne iieenoou-d fur 

by that doctrine of Ikdalivity wliieh jdav** imjiMrinnt n 
part in philoBopliy. Tldn doetrine aihrmii rent tio* llu|ln^s■ 
bIouh made upon \m by any eirmmmianer. ur « 
of circumstances, depend upon our pn-'viuio^ ni^u- rwu 
fravollers upon the muno height, iho on** havsni-" a'^^’endnl 
to it from the plain, the ether having drs«'rii»ir»t tu it 
from a higher tdavation, will he thlfermtli. i4ileetf<?d !»v 
the soexia around them, d'o the unit nEtiir^* m eii piMidiny’, 
to the other it m contracting, and iiiiprrHsssusH wlueh have 
two such dijKereut antcoedent states are sure tu diift^r. 
In our scieutifio judgments the law of ndu tivity innv aim* 
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play an important part. To two men, one educated in 
the aoliool of the senHea, having mainly occupied himself 
with observation; the other educated in the school of 
imagination as well, and exercised in the conceptions of 
atoms and molocules to which we have so £ro<iuently re- 
ferred, a bit of matter, say »ifi«th of an inch in diameter, 
will present itself differently. The one desoends to it from 
luH molar heights, the other clitnba to it from his molecu- 
lar lowlands. To tho one it appears small, to the other 
large, fcio, also, as regards the npyirociation of tho most 
minute forms of life revealed by tho microscope. To one 
of the men these naturally appear ooritortuinouH with the 
ultimate particles of matter; there is but a step from the 
atom to tho organism. The other diKoems nuraberlcss 
organic gradations between both. t'*om pared with his 
atoms, the snmlle.st vibrios and bacteria of the micro- 
seopio lield are as behemoth and leviathan. The law of 
relativity may to some extent explain the different atti- 
tudes of two such persons with regard to the question of 
spontaneous generation. An amount of evidence which 
satislicB the orio entirely fails to Hntisfy th(> otlior; uml 
while to the one the last bold <lofeneo and ntartliiig (^x- 
pjinsion of tho doctrine by Dr. Bastian will appear per- 
fectly conclusive, to the other it will praiiont itself as 
merely imposing a labor of demolition on snlmoqueiit 
investigators.' 

Let mo say hert> that many of o\ir phyaiologiotd ob- 
servers appear to form a very inadequate estimate of the 
distiuieo which sepurates the. rnio.row.opic from the mo- 
lecular limit, and that, as a eonsoquenue, the*_v Homtuiinos 

’ Whcni iluimi wordn iiUc’iml I did iit»i imu^duo tluu tin? diirf tidKif 

©f deraolltioii wnuld fall Mpan niywlf, iHtB. 
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employ a pIiraHoology ciUculatcd to When, for 

example, tlio contoutH of a coll are ilem^nheil m jierfecUy 
homogoiioona or as abaolutoly «trucUir«Uw, Iwatim* tlm 
microscope fails to cliscsover any struotun?: «»r when two 
atructaroa are pnmoimciul to b« without difTorence, bi- 
cause the mi<!r^wonpt^ civn iliwiuvor none, Ihtsii, I think, the 
microscope bogiim !<• play a mimshievovw |>art. A little 
consideration will niako it plain tliat the inioroacope can 
liavo no voice iu the tiuwtion of genn atructum. I>»»tilloti 
water is more perfectly hojnogenooua than any potMtihle 
organio germ. What is it that causcs tl>e ln|mtl U» coaae 
contracting at B9‘’ Falir., and to expand until it freeiiea? 
We have boro a Htruutnml priwcaa of which the inioroiicapts 
can take no note, nor is it likely to d« m by any eoiwieiv- 
able extension of its powers. Place tUatilled water »n the 
field of an electro -magnet, and bring a microscojas to Imar 
upon it. Will any clmnge be obaorved when the magnet 
is oxcitod? Absolutoly none; and still profound and 
complex changes have occurred. Firat of all, the par- 
ticles of water have been rendered diamagnclimUy jHilar; 
and secondly, in virtue of U»e atruatura imprtwod ujam 
it by the magnetic whirl of its moleoulw, the liquid twmta 
a ray of light in a fashion perfeotiy detormtnato boUi m 
to quantity and direction. 

Have the diamond, the amethyst, and the eountltses 
other crystals formed in the laboratori«s of nature ami of 
man no structuroV Assuredly they have; but what cim 
the miorosoopo make of it? Nothing. It eannol be tim 
distinotly borne in mind that between the micneioMpio htmt, 
and the true molooular limit, there is room for intliuut 
permutations and combinations. It is in this region that 
the polos of the atoms are arranged, that tonduncy is given 
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to their pow^ers; so that when these poles and powoi^ 
have free action, proper stimiilus, and a suitable environ* 
ment, they determine, first the germ, and afterward fiba© 
complete organism. This first marshalling of liie atoros, 
on which all subsequent action depends, baffles a keener 
power than that of the microscope. When duly pondered, 
the complexity of the problem raises the doubt, not of ibe 
power of our instrument, for that is m7, but whether wo 
ourselves possess the intellectual elements which will ever 
enable ns to grapple with the ultimate structural ener- 
gies of nature.* 

In more senses than one Mr. Darwin has drawn heavily 
upon the scientific tolerance of his age. He has drawn 
heavily upon time in his development of species, and Ke 
has drawn adventurously upon matter in his theory of 
pangenesis. According to this theory, a germ, already 
microscopic, is a world of minor germs. Hot only is f bjo 
organism as a whole wrapped up in the germ, but every 
organ of the organism has there its special seed. This, 
I say, is an adventurous draft on the power of matter to 
divide itself and distribute its forces. But, unless we are 
perfectly sure that he is overstepping the bounds of rea- 
son, that he is unwittingly sinning against observed fact 
or demonstrated law — ^for a mind like that of Darwin eaix 
never sin wittingly against either fact or law — ^we ought. 


. > “In using the expression ^one sort of living substance’ I must guarxi 
against being supposed to mean that any kind of living protoplasm is homo- 
geneous. Hyaline though it may appear, we are not at present able to assign 
any limit to its complexity of structure.” — ^Burden Sanderson, in the “Britisli 
Medical Journal,” January 16, 1876. 

We have here scientific insight, and its correlative caution. In fact Or. 
Sanderson’s important researches are a continued Illustration of the position laid 
down above. 
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I think, to bo cautioufl in limiting bis intelleotnal horisMm, 
If there bo tho lojiat doubt in th« tn«tu»r, it ought ti* be 
givon in favor of the frisedom of ««ch a mind. To it & 
vast possibility is in itself a dynamio juiwor. though the 
possibility may never ho drawn upon. It gives m« ploas. 
uro to think that tl>o fneta and reasonings of this dimmrae 
tend ratlior toward liio juMtiUoation of Mr. iJarwm, than 
toward Ida condoiuimlioii; for thoy senin U> show Um {mr- 
feet compotenco of matter and foreo, as regards divist- 
bility and distribution, to bear the heaviest strain that 
he has hitherU) iinpo.Mod upon tlmm. 

In the case of Mr. Darwin, obwirvalioii, iroatginatinn, 
and roason coiuldiuul have run bank with wonderful aagatt> 
ity and suecoss tivor a certain UmgUi of th« Unu of htolog* 
ical succession. Guidml by analogy, in his “Origin of 
Speoios” he placed at tho root of Uf« a prummlml germ, 
from which he conceived tlio amaaing variety of tho or- 
ganisma now upon tho earth's aurfaee might be dcKiuontl, 
If this hypothesis worts oven truts, it would not bo final. 
The human mind would infallibly look behind tho germ, 
and however hopeless the attempt, would mtinire inUi the 
history of its genesis. In this dim twilight of oonjotslure 
the searcher welcomes every glMm, and seakii Ui Augment 
his light by indirect incidences. He studios tho mothials 
of nature in the ages and tlio worlds witliin hia roaeh, in 
order to shape the conme of apeoutation in antm^unt agos 
and worlds. And though the tsertainty by ox- 

perimental inquiry is hero shut out, wo aw not l«ft entirely 
without guidance, 'From tlie examination of the aolar 
system, Kant and Laplace came to die eonolnsion that iw 
various bodies once formed parts of Uie same undiakmatinl 
mass; that matter in a nebulous form preoededi matter in 
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its present form; that as the ages rolled away, heat was 
wasted, oondenaation fioHowed, planets were detached; 
and that finally the chief portion of the hot cloud reached, 
hy aelf-oompression, the magnitude and density of our 
sun. The earth itself offers evidence of a liery origin; 
and in our day the hypothesis of Kant and JDaplaoe I’e- 
coives the independent countenance of spectrum analysis, 
which proves the same substances to be common to the 
earth and sun. 

Accepting some such view of the oonstruotion of our 
system as probable, a desire immediately arises to <mn- 
neot the present Hfo of our planet with the past. Wo 
wish to know something of our remot^t ancestry. On 
its first detachment from the central mass, life, as wo 
understand it, could not have Vieeu present on the earth. 
JIow, then, did it come tluiro? The thing to be encour- 
aged hero is a rovoront freetlom— a freedom preceded by 
the liard discipline which cheeks licentiousness In specula- 
tion — while the thing to be repressed, both in soionoe and 
out of it, is dogmatism. And here I am in the hantls of 
the meeting — willitig to end, but ready to go on. I have 
no right to intrude upon you, unasked, the unformed no- 
tions which are floating like clouds, or gathering to more 
solid consistency, in the modem speculative scientific 
mind. But if you wish me to speak plainly, honestly 
and undisputatiously, I am willing to do so. On the 
present occasion-— 

You nn^ m*«livininl to call, atid I to oumci. 

Well, your lumwar ia given, and I obey your call 

Two or three yoara ago, in an aneitmt London eolle^, 
I liBtenad to a diaouHaion at the end of a lecttira by a vai^ 
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remarkable man. Thme or four hnndml elargymen www 
present at the lecture. The amk>r b»g*» wilb Uie civiUi». 
tion of Egypt in the Ume of Jtweph; iKiintittg o«l the 
very perfect organimtion of tlie kingdom, and the {toMea. 
sion of ohariote, in on»4 of whieb Joeeph ttuim, m proving 
a long antecedent poriwl of civilimlion. He ibeti itaNmni 
on to the mud of the Nile, ite rate of awgmentaiUon, ik 
present tliicknoHa, ancl the r»’it»aiiw of human handiwork 
found therein; thence to Uie rock* which bound llm Nib 
valley, and whioli Uiem with organic romaina. Thus in 
his own clear way ho caniMHi th« idea of Iho world ‘a 
to expand itself inileflnitoly beforo An minda of hi* audi- 
ence, and he contruatod itua witit Um ago uauatly aligned 
to the world. During hia dbcoitmo h» t«w4»)id to la» awtm> 
ming against a stream, he ma«iC«iUy drought that ho 
opposing a general conviction. He eajiociiwj r««iatanm in 
the subsequent diHOuwion; m did I. Hut it was all a 
mistake; there was no advenro ourrent, tro oppoeiog con* 
viotion, no resistance; merely her® and Ihore a half-hunmr- 
ous but unsuooesaful attempt to entangle him in hta talk. 
The meeting agreed witit all that had been *aid reganling 
the antiquity of the earth and of tl« life. They had, i«. 
deed, known it all long ago, and they rmlUed the lecturor 
for coming among them with m alaln a akiry. It was tjuiki 
plain that this large body of ebrgyrmm, who wore, I almuld 
say, to be ranked among the ttneai NUftpien of their eliwa, 
had entirely given up the ancient landnmrli*, and Irami. 

ported the conception of Ufeb origin to no Imtellmudy 
distaat past* 

TMa leads us to the giat of onr ptweant inquiry, which 
18 this: Does life belong to what wo eall wattor, w b it 
an in ependeni principle iaswrfewi Into imttnr at ioifto «uil- 
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nble epoch — say when the physical conditions became such 
as to permit of the development of life? Let us put the 
question with the reverence due to a faith and culture in 
which we all were cradled, and which are the undeniable 
historic antecedents of our present enlightenment. I say, 
let us put the question reverently, but let us also put it 
clearly and definitely. There are the strongest grounds 
for believing that during a certain period of its history the 
earth was not, nor was it fit to be, the theatre of life. 
Whether this was ever a nebulous period, or merely a 
molten period, does not signify much; and if we revert 
to the nebulous condition, it is because the probabilities 
are really on its side. Our question is this: Did creative 
energy pause until the nebulous matter had condensed, 
until the earth had been detached, until the solar fire had 
so far withdrawn from the earth’s vicinity as to permit 
a crust to gather round the planet? Did it wait until the 
air was isolated; until the seas were formed; until evap- 
oration, condensation, and the descent of rain had begun; 
until the eroding forces of the atmosphere had weathered 
and decomposed the molten rocks so as to form soils; 
until the sun’s. rays had become so tempered by distance, 
and by waste, as to be chemically fit for the decomposi- 
tions necessary to vegetable life? Having waited through 
these eons until the proper conditions had set in, did it 
send the fiat forth, “Let there be Life!”? These ques- 
tions define a hypothesis not without its difficulties, but 
the dignity of which in relation to the world’s knowledge 
was demonstrated by the nobleness of the men whom it 
sustained. 

Modern scientific thought is called upon to decide 
between this hypothesis and another; and public thought 
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gcmirally will afU‘rwar>l Iw mllwi iijMsn i«i 4.. liw sami. 

ilut however tiu'. convu’liiiiin t»s iH'i»K!4wusa hrw ftii.i ihefe 

may Iw iuHueiiced, tl.e »»*«»•*• »*•'! whjuIw 

wliioli oonimoiidfi the hypotlu-niw N.iSurwl lutih.uon to 
the public mnitl. For what. «ro it)« ati4 *??.'»»'>«'« nf 

tins hypothcsiuP Htrip it nnb-4. »w4 yon }sii»*.4 
to face with the notioii that not iuoub iW uinru ijinolde 
foririH of iiniiiiah'ular tir aninml bin. not idi<»w li.n n«4i|«r 
forms i)[ the hows and lion, ii«i ainop thn and 

wondortul Jtiochanism of th« Inimn-n InMiy. b»i that ih.* 
human mind itBelf— eniotion, inudiwi, will, and «ii ibptr 
phenomena-— wei'K once Intent in a dory i lntnl. i|w 

mei'u stutomeiit of Bueh h mUimi i« nnire titan a relMtaima. 
But the hypolhuais would proUaldr yo nrrii iurtimr ilmn 
this. Many wht» hold it would jiroiiably awni !•» ihn 
position that, at the pniseut mtunont, all »»tir philMmiij.iiv. 
all onr poetry, all <uir aeienc'e, and sit our »ri idnsn, 
ShakeHpeaiH'., Newton, ami Ifetpha'd—ar*’ m liw 

lires of the sun. We hmg to !wn ««»nini!n«f| oJ msr uri- 
gin. If the Evolution hyp«»llu»t» h« rvrn ihn* 

unaatiaiied yearning muat have eotm* lo «* th«- «yp!< 

which separate the prittioval mist from the ciHimnou^tnruM 
of to-day. I do not think that any bolder of tli«< Kvidu 
tioii hypotliesia would say tlia4 I ovcniiito *ir «tv«nntraHi 
it in any way. I morely atrip it of all vagnpispsia, »ml 
bring before yon, nuedoUmd and unvamiabod, |h« t).<iin»w 
by which it must stand or fall. 

burely theso notiona reprfweui an abwirdilii' Om* mini' 
I8timi8 to be ontortained by my tnum riitntl. llm whv er.- 
such notions absurd, and why Hhouhl Bamly r*>jpi’t 
The law of Belativity, of whiob urn havo proviouidv 
spoken, may find its applicjrtjcwu her#. *Vktfm Evtdutwi 
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notions are absurd^ monstrous, and fit only for the intel- 
lectual gibbet, in relation to the ideas concerning matter 
which -were drilled into us when young. Spirit and mat- 
ter have ever been presented to us in the rudest contrast, 
the one as all-noble, the other as all-vile. But is this 
correct? Upon the answer to this question all depends. 
Supposing that, instead of having the foregoing antithesis 
of spirit and matter presented to our youthful minds, we 
had been taught to regard them as equally worthy, and 
equally wonderful; to consider them, in fact, as two oppo- 
site faces of the self-same mystery. Supposing that in 
youth we had been impregnated with the. notion of the 
poet Q-oethe, instead of the notion of the poet Young, and 
taught to look upon matter, not as “brute matter,” but 
as the “living garment of God”; do you not think that 
under these altered circumstances the law of Eelativity 
might tave had an outcome different from its present one ? 
Is it not probable that our repugnance to the idea of pri- 
meval “union between spirit and matter might be consider- 
ably abated? Without this total revolution of the notions 
now prevalent, the Evolution hypothesis must stand con- 
demned; but in many profoundly thoughtful minds such 
a revolution has already taken place. They degrade 
neither member of the mysterious duality referred to; 
but they exalt one of them from its abasement, and repeal 
the divorce hitherto existing between them. In sub- 
stance, if not in words, their position as regards the rela- 
tion of spirit and matter is: “What God hath joined to- 
gether, let no man put asunder.” 

You have been thus led to the outer rim of speculative 
science, for beyond the nebulas scientific thought has never 
hitherto ventured. I have tried to state that which I con- 
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eidered ought, in fftirncHH, to be outupokon. I neither 
think this Evolution hypothuHis in to be iic»uu-<l away 
contemptuously, nor that it ought t») b« dtuujuiicHti m 
wicked. It is to bo brought before tlie l>ar of disciplined 
reason, and there justided or oondomned. I.ret us hearken 
to those who wisely supin^rt it, and to those who wisely 
oppose it; and let us tobrate Uuwe, whoao name is legion, 
who try foolishly to do either of theso things. 'l‘ho only 
thing out of pkoe in the diacuasion is dogmatiaru on cither 
side. Fear not the Evolution hypoUicsia. Humtiy your- 
selves, in its preeonoe, upon that faith in the ultimate 
•kiumph of truth wbbh was expressml by old Uimmliel 
when he said: “If it be of (lod, ye csnm*t overthrow it; 
if it be of man, it will come to naught." Under Urn fierce 
light of Bcientiflo inquiry, it is sure to Iw djusipnlcd if it 
possess not a core of trutli. Trust me, its cxisUmce ns a 
hypothesis is quite compatihlo witli dm Bimultonwius cx- 
isteuco of all thoao virtues to which the term “tUiristiun" 
has been applied. It docs not aolvo— it litms not profess 
to Bolve—the ultimate mystery of this universe. U 
leaves, in fact, that mystery untouched. For, granting 
the nebula and its potential life, ihm (lucstion, whence 
they came, would atill remain to bafllc and bewilder us. 
At bottom, the hypothesis doM nothing more than “trans- 
port the conw^don of life’s origin to an indtdUutely tits- 
tant past.” 

Those who hold Ihe doctrine of Kvolulion arc by no 
means ignorant of the imcertain^ of tlmir ilata, nud they 
only yield to it a provisional assent They n^urd Iho 
nebular hypothesiB as probabb, and, in the utter absence 
©t any evldeaoe to prove the not illegal, they extend the 
method of madaire frwn the prwsat into the past Uerti 
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lie obseryed uniformity of nature is their only guide. 
Within the long range of physical inquiry, they hare 
leyer discerned in nature the insertion of caprice, 
throughout this range, the laws of physical and intel- 
ectual continuity have run side by side. Having thus 
letermined the elements of their curve in a world of ob- 
eryation and experiment, they prolong that curve into 
n antecedent world, and accept as probable the unbroken 
equence of development from the nebula to the present 
ime. You never hear the really philosophical defenders 
»f the doctrine of Uniformity speaking of impossihilities 
n nature. They never say, what they are constantly 
barged with saying, that it is impossible for the Builder 
f the universe to alter His work. Their business is not 
rith the possible, but the actual — ^not with a world which 
%ight be, but with a world that is. This they explore 
nth a courage not unmixed with reverence, and accord- 
ag to methods which, like the quality of a tree, are tested 
y their fruits. They have but one desire — ^to know the 
ruth. They have but one fear — to believe a lie. And 
I they know the strength of science, and rely upon it 
nth unswerving trust, they also know the limits beyond 
rhich science ceases to be strong. They best know that 
uestions offer themselves to thought, which science, as 
ow prosecuted, has not even the tendency to solve. They 
ave as little fellowship with the atheist who says there 
3 no God, as with the theist who professes to know the 
lind of God. “Two things,’^ said Immanuel Kant, “fill 
le with awe: the starry heavens, and the sense of moral 
esponsibility in man.” And in his hours of health and 
trength and . sanity, when the stroke of action has ceased, 
nd the pause of reflection has set in, the scientific in- 
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vestigator llndB hiinseslf itvt'rrtlui«U)w««l th«i aatiiu awe. 
Breaking <!onlac.t witli the iiiuu|ujritig iIwUuIh of oarth, it 
aHHOoiatOH kitu with a I’owt'r wliioh givt'K fuhio*w ami Ume 
to kis exirttonoe, kiit wkitsli ko oaii iH)itk«r aor 

oomprekend. 
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not from tlxo study of iinlurt', 1>ut from whiit luy uiuoh 
closer to thom—tho olwervatiou of mon. Their lhe.tn«>s 
accordingly took an untiiroinunorpliie furtii. T<i foipiT- 
sensual beings, winch, "however jutU'ut uml invi«il.h‘, 
were notliing but a spiunes of Inuiinn ereHtures, perhaps 
raised from among mankind, and retuiiiing sill homiui 
passions ami appetih’S, " ' were handed over the rule and 
govonianco of natural plienomeim. 

Tested hy olmorvatioii and refleelioii, tltese early no- 
tions failed in tho long run to Hiitisfy the more penetrating 
intolloots of our race, h’ar in the depths of history we 
find men of excoptionul power dilferenlialing iheiiiHelves 
from the crowd, rejecting lliese nullirojMuttorpUie notions, 
and seeking to connect natural phenotuena with their phy- 
sical pviuciples. But, long prior to these purer efrorui 
of tlio iiridcrstanding, tins merehunt luid heen ahroad, luul 
I'ondorod tho pluloHo|»hcr possihle; eummen'e had Im-cii 
dovolopod, wealth ainiiHsed, leisure for travel and s|>eeu!a- 
tion secured, while races educated uinler dilTereiit eondi- 
tions, and therefore differently informed and rudowed, 
had been stimulated and sharpened hy umtual i-oniii.-i, 
In those regions whore tho oomnumdal aristiicraev of 
ancient Orooco mingled with their Kast<»rn neighhotx. the 
sciences wore born, being nurtured and dovehtped hy frc<- 
thinking and courageous ineti. Tho state ftf things to he 
displaced may bo gathered from a passage of Kuripidea 
qtiotod hy Tfiuno. ''There is nothing in the world; no 
glory, no prosperity. Tho gods toss all into eoufuaiun; 
mix everything with its reverse, that all of us, from our 
ignorance and unoertaiuty, may pay them the mure wor> 
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sWp and reverence.” Now as science demands the- radical 
extirpation of caprice, and the absolute reliance upon law 
in nature, there grew, with the growth of soientiflo no- 
tions, a desire and determination to sweep from the Hold 
of theory this mob of gods and demons, and to place nat- 
ural phenomena on a basis more congruent with them- 
selves. 

The problem which had boon previously approached 
from above was now attaolcod from below; thoorotio effort 
passed from the super- to tho sub-sunsible. Tt was folt 
that to construct the universe in idea it was nooossary to 
have some notion of ite constituent parts — of what Ini- 
orotiua subsequently called the ‘‘First Beginnings.” Ab- 
straoting again from ox])oriom!o, the loaders of scientific 
spoonlation roao.hod at longtii tlio pregnant doctrine of 
atoms and molecules, the latest developments of which 
were set forth with such power and olenmeas at the last 
meeting of the British Assooiatioii. Thought, no. doubt, 
had long hovored about this doctrine before it attained 
the precision and complotenoss which it assumed in the 
mind of Domocritiis,' a philosopher who may well for a 
moment arrest our attention. ‘‘Few great men,” says 
Lange, a non-materialist, in his exoellent ‘‘History of 
Materialism,” to the spirit and to the letter of which I 
am equally indebted, ‘‘have been so dospitefully used by 
history as Bemooritus. In the distorted images sent down 
to us through unsoiontiflo traditions, there remains of him 
almost nothing but the name of ‘the laughing philoso- 
pher,’ while figures of immeasumbly smaller Higniflcnnoo 
spread themselves out at full length heforo ns.” Ijimge 


• Boro *60 B.o. 
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RpoakB oi high iippri^rbiiiuii nf 

aniplo iliuHtmtitHiH t»f wliu^ii I mn iiHipliiml in my 
loiiL Imnnl Mr. SpiHltiing, iln^ I«n*riip4 r-«iilnr mul lung, 
rapliur of Uiunm. Urn in^uiinii, iinlwii, ilmi mu. 

aitlonul Dtniuu'ritUH in he a tmiu nf winuliiitir mmUil lliim 
oitlior Plain or Aviatutlr. llimigli llnnr ''mm 

nnimal and tM‘lnhrat«nl m llm Eiriid lli« dm I'liiil 

junnp of priduHHt.im/'* It wiu-^ md Iml mid 

Atiila and Uin barbartim«» wlm di^filmyrd ihci ptii* 

loBopliy. at a iiirn^ when all Imtiwii Itmrutiig bad 

BufEarnd ibipwraok, Uuw {daiik^ «»f AnnU^lmlmn mml I*k« 
tonio pluloBuphjj m bimig nf ii linlilrr iiiid mmm $iiiiiii«I 
Bubatanca^ warn pram^rvad and tmiiift d«iwii l*i ti#, wiiilts 
thingH morn BuUd wink imd j»-a^€f4 min tddititiii/* 

Tho aon of a w§mliliy failmr, ikiimt^rsliw iltn^nkml ilii 
whole of hm inhoriUiil fnritmi^ ki lliti tmliiim nf lib siuiid, 
He travolUal every whom; viidiwl wlmii 

and Plato worn thorc% but ijtttltol tlm oily wtlluml isiak* 
ing himaoU known. IndcM-nb Hio ^Irifci in whieh 

Socrataa bo much dtdighl^l bml tm oliariri tur 
who held that'Hhe mm whci rwdilj c!«iilrftdtf?to* mul imm 
many words^ ia unfit to barn anjtliitig Inilt riglti/' Ho 
is said to have diiic', 0 vsr«i and mlnmliicl Proiiigitnia ilm 
Sophist, being itmok i« mnoh by i»aiiii«r tii wlmdi 
he, being a hewer of womi, litd iifi hm m by ilm 

sagacity of his convefmlion. Ibunwriliia mitiriifMi j^nir 
from Ilia travels, w^ia aup|Hirteil tiy bb brnllii^fs »ii4 iil 
length wrote hia great work ©iititl«i wlmdi 

he read publicly befom the ptoplt &i tii§ iiaiite liiwn. 
He was honored by hia ooun^jmtn in vificum mid 

died serenely at a great 

The principles enunoiatmi by Bemoeriliit mviml liii nii- 
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compromising antagonism to fhose who deduced the phe- 
nomena of nature from the caprices of the gods. They 
are briefly these: 1. From nothing comes nothing. Noth- 
ing that exists can be destroyed. All cluinge.s arc duo to 
the combination and separation of molecules. 2. Nothing 
happens by chance; every ooourrenoo has its cause, from 
which it follows by necesaity. 8. The only existing things 
arc the atoms and empty space; all else is more opinion. 
4. The atoms are infinite in rmmbcr and iniinikdy various 
in form; they strike together, and the lateral motions and 
whirlings which thus arise are the beginnings of worlds. 
6. The varieties of all things depend upon the varic'tics 
of their atoms, in number, size, and aggregation. 6. The 
soul oonsists of fine, smooth, round atnttis, like those of 
fire. Those are tluj most mobile of all: they interjiene- 
trnto the whole body, and in their motions the phenomena 
of life arise. 

The first five propositioas are a fair general statement 
of the atomic philosophy, as now held. As regai’<ls the 
si.'Cth, Democritus made his liner atoms do duty for tho 
nervous system, whose functions were then unknown. 
The atoms of Democritus are individually without sensa- 
tion; they combine in obodience to meohanioal laws; and 
not only organic forms, but the phenotuona of sensation 
and thought, are tho result of thoir combinatitm. 

That great enigma, “the exquisite adaptation of one 
part of an organism to another part, and to the conditions 
of life,” more espeeially the construction of the human 
body, Beinooritus made no attempt to solve. Kmpenloch*, 
a man of more fiery and pm>tio nature, intnuliunul tho no- 
tion of love and hate among the atoms, to account for 
their combination and sciiarntiim; and Imlder than Do- 
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mocrituB, ho struck in willi the itciictnitlng th.ui^7ii, 
linked, however, With Home wild bjiccuIuUou. tlmt it l»y 
in, the very ' nature of tluwe* citniliuiiUmii.H w hii-h wiu'e 
suited to their oiuIk (in otlicr wurdH, in hunnt>ny with 
their environment) to iiiaiuluin tlicniHcl vch, while until 
oombinatioiiH, having n<* iirujier huhitat, tmnu rniddlv tiis- 
appear. Tlius, more than ycnrn »g*», the iii*i-triuf' ef 

the “survival of the lltUtHt,” whiidi in our day, net on 
the hiisis of vague conjoeturn, hut of positive knowledge, 
has heon raised to sutdi extraordinary nignilh-ane**, Imd 
received at all events partial enumdalion.* 

Bpiourus,’ said to he the son of a poor Hehoolmasier «l 
Samos, is tlie next ilomiimnt ilgure in the history of the 
atomic philosophy. He mastenni the wnimgrt of Itcunoeri- 
tufi, heard leoturoa in Athens, went haek to Santos, and 
Bubscq[uontly wanilorod through various eonntnes. lit* Ji- 
nally roturuod to Athens, where he l.otight a gard» n, and 
surrounded himself hy pupils, in the midst of whom he 
lived a pure and serene life, and ilnnl n peaei-ful tiealh. 
Democritus looked to the soul as tlie einiolduig pari of 
man; even beauty, without undersUuiding, partook of am- 
malisra. Epicurus also rated the sjiirit id.uve the body; 
the pleasure of the body being that of the momenl, while 
the spirit could draw upon the future and the past. His 
philosophy was almost identical willi that of iJemoeritus; 
but ho never quoted either friend or fm). (Jim main tdo 
jeot of Epicurus was to froo the world from superstition 
and the fear of death. Death he treatod w tth mdiirerem-.-. 
It merely robs ua of sensation. As long as we are, tleath 
18 not; and when death is, we are not. l»ifu has no niom 


' Sea “Lange,” ad edit., p. n. 
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evil for liim who has made up his mind that it is no evil 
not to live. He adored the gods, but not in the ordinary 
fashion. The idea of Divino power, properly purified, he 
thought an elevating one. Still he taught, “Not ho is 
godless who rejects tlie gods of the crowd, but rather ho 
who acco])t8 thorn.” The gods wore to him eternal and 
immortal beings, whoso blessedness excluded every thought 
of oaro or occupation of any kind. Natirro pursues her 
course in accordanco with everlasting laws, tho gods never 
interforing. They haunt 

Tho liioitl inlorgpaco of world ami world 
Whoro uovor craopE a cUnul or movoB a wind, 

Nor over ftilln tho loaHl white star of huow, 

Nor ovor lowortt roll of thiuidor nioauH, 

Nor Honud of hunmu Borrow moiiiiU to mar 
Thtdr Hiun’ud ovorhiHtln^j; caluij 

Lange considers the relation of Epicurus to the gods 
subjective; the indioation, probably, of an ethical roquiro- 
mont of his own naUiro. Wo cannot road history with 
open oyoH, or study human nature to its depths, and fail 
to disoorn such a ro(iuiromont. Man novor has boon, and 
ho novor will bo, satisllod with tho operations and prod- 
ucts of tho Understanding alone; hence physical scioneo 
cannot cover all the demands of his nature. But tho his- 
tory of th6 olTorts made to satisfy tlieso domands might 
ho broadly dcsoribod as a history of errors — the error, in 
grout part, consisting in nsoribing fl,xity to that whioh i.s 
lluout, wliicli varies as wo vary, being gross when we arc 
gross, and becoming, as our capaoitios widen, more ab- 
stract and Hublimo. On one great poitit tho mind of Kpi- 
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curuB wan at poucis. IU\ lunthrr nor 

or hereafter, any perHuiiul profit from Ihh rohiimn tt) the 
goclB. And it in imBurtnlly a fac‘t that loftinoM,^ uud nrrou- 
ity of thought may he pnunoti^d hy tNue rjiimjiH wluc’h in. 
V()l\ro no idea of junilit of tlim kiud. I not hrde*v(»,** 

said a great man’ to me oJHn% ‘Himt an lai* l!istenrr m nt 
the heart of tlnug.s, my life on earth \,v iutulrr- 

ahlo. ’* Tliu utterer o( theBo wonl^ in ihU, 4u mv opiniitrt, 
rendered louB, but luorts noidt* hy tfio fufi thut it sxm the 
netul of ethical harmony hi‘ri% ami m>t the thMii*/hi cif prr- 
Boual happiticHH h('rcafU*r, that pr«oop?» ! h?^ oh rr\ nfituo 
There are p(*rHoii,M, not hcloiiKon: lo tho u mirh 

leetual J 5 onc, nor yet to iIm* hnvrHt, iawlu^m p« rh rt rirar* 
noBri of oxpoKilitm auggeitlH want tif iir|oli, d*hry liud 
comfort and edilUitUon in an iih^traot uie! h-iuiu d phrasi** 
ology. ^Po Hlieli petjph* Kpieunm* ‘also 4 im» p.um tt> 

rid hin Htyle td every trat*o ha/’' tari’idifv^ ap- 

pearod, on thin very neeoioil, aupej fa‘*;4h Ih* liad, h»e,v- 

evor, a diBciplu who thtmghi it no o^/upaiion to 

apoud his dayg anti nighlH in the rthn’t to r» . 4 . ii thr rlrar* 
UO 8 B of his inaBter, aiul in wlmm thr Uo t l pud** H.jdn’r in 
mainly indohtod for the exteunitm and prrpot hia 
lairio. Some two eenturieH afti-r the »d lh.:» lun^^ 

Lucretius* wrote hln great p4»em, ’’tiu th,’ N.a .o* of 
ThingB,’^ in which he, a Homan, ileM'Ioped 
dhiary ardor the philimophy u{ hia (hvek predo,'rt.-.Mr, lie 
wishoH to win over hm friend Mmiuiurt to ihi- Heiuud uf 
Epicurus; and although ho has no rewurdn in a fnturo life 
to offeri although his object appears to ho a piiridy itrga* 
tiva one, ha adtlransas hia {rieud with the hent of an 
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apostle. His object, like that of his great forerunner, is 
the destruction of superstition; and considering that men 
in his day trembled before every natural event as a direct 
monition from the gods, and that everlasting torture was 
also in prospect, the freedom aimed at by Lucretius might 
be deemed a positive good. “This terror,” he says, “and 
darkness of mind, must be dispelled, not by the rays of 
the sun and glittering shafts of day, but by the aspect 
and the law of nature.” He refutes the notion that any- 
thing can come out of nothing, or that what is once be- 
gotten can be recalled to nothing. The first beginnings, 
the atoms, are indestructible, and into them all things can 
be resolved at last. . Bodies are partly atoms and partly 
combinations of atoms; but the atoms nothing can quench. 
They are strong in solid singleness, and, by their denser 
combination, all things can be closely packed and exhibit 
enduring strength. He denies that matter is infinitely di- 
visible. "We come at length to the atoms, without which, 
as an imperishable substratum, all order in the generation 
and development of things would be destroyed. 

The mechanical shock of the atoms being, in his view, 
the all-sufficient cause of things, he combats the notion 
that the constitution of nature has been in any way deter- 
mined by intelligent design. The interaction of the atoms 
throughout infinite time rendered all manner of combina- 
tions possible. Of these, the fit ones persisted, while the 
unfit ones disappeared. Not after sage deliberation did 
the atoms station themselves in their right places, nor did 
they bargain what motions they should assume. From all 
eternity they have been driven together, and, after trying 
motions and unions of every kind, they fell at length into 
the arrangements out of which this system of things has 
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been ovolv©<I *‘IE yau will iqt|^rrli«*iid iumI krrp in miml 
tliene tbiugH, Nature, free at tunn% nsnl n»l Hi hnr luuighty 
lordn, m Been U) tin all tlungn BjsHninfiruiiHly <tf herself, 
witUont the meddling <d Um gti.lfi.*' ^ 

To meet the oUjeetnm that \m nUmm nimuin Iw Bmm, 
Lucrothm deBrrilu'H a vicdmit HO»nu* mnl tdinwK tlna the in» 
viBihla parti(‘h'rt of air rn’t in tlu' mnn^ way a 4 thf» vinihle 
partieleH of watt'r. W«' |H’nHnv«\ mHtt'uvrr. ihv iliih'retii 
BmellB of thingB, yet never i*ee ilonn oisnutiy Ut mir noa* 
trilB, Again, elothen Ivtuig up tm a idiure whndi wiiviw 
break upon, be{H>mn iiiuint, nml tlu-n *!rv tf nprmd tnit 
in the ann, though no eve v.%n nihrr ihi^ appruarlt or 
the emmpe of the water pnrlielej^. A riiiK. lung tm 

tlie linger, hecomm ilunnen n water limp huliijwii uui a 
Btono; the plowahimi in rulduui away tn the held; the 
Btrc(vt'paviunent in worn hy the iwli hut the piirlir!i«H 
that diHappinir nt any nnunent we eaunMi Nainre nnta 

through inviHihln partiele,^. That Imereiuirf had n i^irung 
soientifia imagination tho furt^goiiig rt ierriee! pr»ur A 
fine illustration of l»i« powim in ilu?i r«’.^pert Iu.h ex“ 
planation of the apparent uf liudieii wiiu-^^ie iio»iiis?4 are 
in motion. Ho ouiploya the tmnge uf n lluek «d tdjeep 
with skipping lamha, whieh, ^eru from » «lnaiinei% pre 
santi simply a white patoh upim the grram hill, tln^ J^^nip 
ing of the individual liirnlw Imtng ijuste in^ ^slilr. 

HU vaguely grand oonoeption of the aiMum fnihng rtrr» 
nally through spaoe, Bitggimted thti rudmlEr hypothefiin to 
Kant, its first propounder. Far beyond lha liiusw <4 «mr 

» Koacc^ft la hl» tiHUdim *4 wefk {‘niiiii03sj|.^«y^rt Mm- 

view,* I8<n) Bn I^ymaa dew am apiwuf in In* *4 umUf nutl 

subtllo otsemtJon* on which the r<MM«mlng ui l.ii,uc 
aomeblmes resva 
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risible world are to be found atoms innumerable, which 
nave never been united to form bodies, or which., if once 
united, have been again dispersed — ^falling silently through 
immeasurable intervals of time and space. As everywhere 
throughout the All the same conditions are repeated, so 
must the phenomena be repeated also. Above us, below 
us, beside us, therefore, are worlds without end; and this, 
when considered, must dissipate every thought of a de- 
flection of the universe by the gods. The worlds come 
and go, attracting new atoms out of limitless space, or dis- 
persing their own particles. The reputed death of Lucre- 
tius, which forms the basis of Mr. Tennyson’s noble 
poem, is in strict accordance with his philosophy, which 
was severe and pure. 

§ 2 

Still earlier than these three philosophers, and during 
the centuries between the first of them and the last, the 
human intellect was active in other fields than theirs. 
Pythagoras had founded a school of mathematics, and 
made his experiments on the harmonic intervals. The 
Sophists had run through their career. At Athens had 
appeared Socrates, Plato, and Aristotle, who ruined the 
Sophists, and whose yoke remains to some extent un- 
broken to the present hour. Within this period also the 
School of Alexandria was founded, Euclid wrote his “Ele- 
ments” and made some advance in optics. Archimedes 
had propounded the theory of the lever, and the prin- 
ciples of hydrostatics. Astronomy was immensely enriched 
by the discoveries of Hipparchus, who was followed by 
the historically more celebrated Ptolemy. Anatomy had 
been made the basis of scientific medicine; and it is said 
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by Draper’ that viviaiMlioti haii l*egim. In {act, the 
science of ani-ioiit hml already oleawnl the world 

of the fautwUc images of cUviniti*» ofasrating capricioualy 
through, natural phonotnona. It hatl shaken itwdf free 
from that fruitlcfta acrutiny “by tlie internal light of the 
mind alone,” which had vainly sought to traniu'end esjm- 
rionco, and to rtumh a km>wlcdge of ultnnate eatiaea. In- 
stead of acoidontal olwervation, it hwl intitKlttoed «»li«irv«. 
tion with a purjmse; inatrurnent* were etnployfHl to aid 
the senses; and scienliflo wethwl wa* ronder«iI in a gmd 
measure complete by the union of Indneticwi and Kajwri- 
ment. 

What, then, stopped its victorious advantHi’/ Why was 
tlio HuiontilUi inUdlect emtijH'lli’d, hke an eabaustteti saiil, |o 
lio fallow for noarly tw<i miUcniumiin, beforu u eoiihl re- 
gather this elciueiits inn-ewary to Jte ferlilitv and stronglh? 
Bacon has already let us know one «au*e: Wlu-welt us- 
oribes this sUitioriary jteriiKl to four oaiiaca -obiamrity of 
thought, servility, intoleriuu’c of detjtMilion, onthumaiim 
of temper; and he gives striking esamph« of pach,* Hut 
these characteristics muat have hwi their ank'owleiiyi m 
the circumatanccH of the time. Home. an«l Ihu othor mtn** 
of the Empire, had fallen into mom! putrofiiPlion. (’hriit- 
tianity had appeared, offering the Ihwtpel t** the jaair. and 
by moderation, if not sseetieism of Ufe, pr»eliB»lly proieat 
ing against the profligitoy of the age. The anfferingw «f 
the early Christiana, and the extm*»rtUnary oaaltaUoii of 
mind which enabled them to ttitimph over the diaboliml 
tortures to which they were anhjiHjted, * mtnrt have left 

* “History oi As letoltoMiwl Itov^aiKtiimj) iif Rureji*,*’ y 3«*S 

* “History ot tl)« Indiietlv# fSolotiewi,** vol, I, 

* Daiotibed wllh. terrible vWtb#^ to Hwu'i “Airtii>br»*L‘' 
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traces not easily effaced. They scorned the earth, in view 
of that “building of God, that house not made with hands, 
eternal in the heavens.” The Scriptures which ministered 
to their spiritual needs were also the measure of their 
Science. When, for example, the celebrated question of the 
Antipodes came to be discussed, the Bible was with many 
the ultimate court of appeal. Augustine, who flourished 
A.r>. 400, would not deny the rotundity of the earth; but 
he would deny the possible existence of inhabitants at the 
other side, “because no such race is recorded in Scripture 
among the descendants of Adam.” Archbishop Boniface 
was shocked at the assumption of a “world of human be- 
ings out of the reach of the means of salvation.” Thus 
reined in, Science was not likely to make much progress. 
Later on, the political and theological strife between the 
Church and civil governments, so powerfully depicted by 
Draper, must have done much to stifle investigation. 

Whewell makes many wise and brave remarks regard- 
ing the spirit of the Middle Ages. It was a menial spirit. 
The seekers after natural knowledge had forsaken the 
fountain of living waters, the direct appeal to Nature by 
observation and experiment, and given themselves up to 
the remanipulation of the notions of their predecessors. 
It was a time when thought had become abject, and when 
the acceptance of mere- authority led, as it always does in 
science, to intellectual death. Natural events, instead of 
being traced to physical, were referred to moral, causes; 
while an exercise of the fantasy, almost as degrading as 
the spiritualism of the present day, took the place of scien- 
tific speculation. Then came the mysticism of the Middle 
Ages, Magic, Alchemy, the Neoplatonic philosophy, with 
its visionary though sublime abstractions, which caused 
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inon to look with fiUame upon tb»ir **wn iMKlkm, iw hin- 
donuu'Oii to tho ulworpUun id tbo t-rt’siUirr in ihu lik'wtHi. 
nortrt of tho Uroator, KnmU^ canin iho si^'holiwiu* pSiiUm- 
pliy, a fiwion, iu-furUiiiK t«i {«*««*'. of tho Im'it niature 
noliona <>£ AmtoUo with Uw ChriMianily «»f thu Wwit. 1^. 
talloctuiil iiiiimiliility wiu* thu nwuH. As a iravi-Urr with, 
out a i-oiinuirta in a fog luay wsmli’r long. jm itt 

making way, iiinl tln<l hinnwU afimr iHuira of toil at hm 
Btartiug.poiut, ao Uim jH’hmjlnnm, having "Iip4 ami untuttl 
tlio Bamo ktiuta, and fnnnod «iul ilnonpaUnl ihr* mmie 
olouda,*’ ' fuunil Uatnfuojvi'a al tli« pm! of i pistnrifai in 
thoir old position. 

Witli regard to tli« inlUmnw wipUIp*! hy Arwlotlo in 
tlio Middle Agea, and which, to a low* pst«»nl. Up »iiU 
wielda, I would a»k p«»rmi»l«w U* mako oim remark. 
Wlion tiie tmman mind hw aohiwvwl grpairmjw and given 
ovideiieo of extruoriUnsry {wwor in mm doinatn, there i« 
a tomloiioy U> rrinlil it with ainnliir jaiwpr iii all other do. 
mainH, Tlm« theologiiiua have found loutifori and mwiir- 
anco in the tlioughl Uiat Ncwlun dralt with iUp ijueatton 
of revelatioa— forgetful of tho fact Uial Hip vory devolmn 
of hia power*, through all the litmi ytmrw of hi» hfw, to a 
totally diiTorent claw of ideaii. not to ajamk «»f any ii«iur»l 
diaqualiflcatitm, tended U» render Him Ip«, imilpad *d more, 
competent to deal wiUi tliecdogicmi and hwliorip 
Goethe, atartiiig from hi» (Mtahliahcsl grpatrip** aa a |«mU, 
and indeed from hia positive dimmvurmw in Naiura! llw- 
tory, produced a pndound itnprwaion among tho |i«inipr« 
of Germany, when he puhliahtd hi* ••harhtsniphrw,*’ m 
which he endeavored to overthrow Nowkm a tinwry of 
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colors. This theory he deemed so obviously absurd that 
he considered its autiior a charlatan, and attacked him 
with a corresponding vehemence of language. In the do- 
main of Natural History, Goethe had made really consid- 
erable discoveries ; and we have high authority for assum- 
ing that, had he devoted himself wholly to that side of 
science, he might have reached an eminence comparable 
with that which he attained as a poet. In sharpness of 
observation, in the detection of analogies apparently re- 
mote, in the classification and organization of facts accord- 
ing to the analogies discerned, Goethe possessed extraordi- 
nary powers. These elements of scientific inquiry fall in 
with the disciplines of the poet. But, on the other hand, a 
mind thus richly endowed in the direction of natural his- 
tory, may be almost shorn of endowment as regards the 
physical and mechanical sciences. Goethe was in this 
condition. He could not formulate distinct mechanical 
conceptions; he could not see the force of mechanical 
reasoning; and, in regions where such reasoning reigns 
supreme, he became a mere ignis fatuus to those who 
followed him. 

I have sometimes permitted myself to compare Aris- 
totle with Goethe — ^to credit the Stagirite with an almost 
superhuman power of amassing and systematizing facts, 
but to consider him fatally defective on that side of the 
mind, in respect to which incompleteness has been just 
ascribed to Goethe. Whewell refers the errors of Aris- 
totle not to a neglect of facts, but to “a neglect of the 
idea appropriate to the facts: the idea of Mechanical 
cause, which is Force, and the substitution of vague or 
inapplicable notions, involving only relations of space or 
emotions of wonder.” This is doubtless true; but the 
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word "negleot" im|»Ue« raew hik’lUn'iua! tmwdirwtioa, 
whereas in Arislotlei m in (}o»’|.5h\ ti wiw ««»i. I U'Uev®, 
misdireotaon, but »h«or natural iiu'flj.umty wlu.-li lay at 
the root of his roisteke*. As a |ibyj*t«n»t, Arjsiiutki ilj*. 
played what we should ounsidor jhmiw of ilu* worst uf 
attribuUis in a nuKlern physu'ftl ijiVMwiij^alor imlisiinut* 
ness of ideas, confusion of wind, iiiul ti I'onit.ionl mm 
of language which l«d to tho delusive notion limi be 
had really mattered his aubjeot. while he hsul, «« yet, 
failed to grasp even tlie elerneiite of it. He put woida 
In the place of dilngs, stibjeei in tlu' jdaee of ob* 
jeot He preaohetl litduelion witlumt praeiunnK it, in. 
verting the true ortler of inejmry, by juwiaiiig from 
the general to die partunilar, instead of from the par- 
tienhur to the ginwal. Ho mwla of the umverae a rlowd 
sphere, in the centre of which ho Used the earth, prov- 
ing from general prinoipks, ki lus own !»aiJid«« iion and 
to that of the world for near 2,<XW year*, that no other 
imlverse was poetible. His tioti«nti» of motion wfire cm- 
tlrdiy nnphyidcal. It was naturml or uimatura!. tM-iicr «r 
worse, calm or violent— no real tncchauical t nni epiion re- 
garding It lyii^ at die bottom of his niiud. Ho athrmed 
that a vaonnm could not exist, anti pravwl ilmt d it «!id 
motion in it would be lm|Ki«sibl». He cl«?l«3fiiilii«4 «l ptmri 
how iipioi®i of ftEttriiilii miwl iiri*l ulirnwril mi 

■gonopal ptitioipl^ why waiiREli itiiiM mii^i iiii4 
parts. When an eminent contemptimry phil 
/is, JTOxnoTid from omiMi of kiiuls r«iiiKsiilM!r# ilivao 
.hteseea oi the d priori method, he will be abb* !«» make 
te the Jitelottay of phyaiciste m lliu 
ance d truth*. Ari*u»d»' 0 IOT«*W «i| tllS* 

tell,, as (hewn by Bucken and Isinge, ai^l 
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numerous. He affirmed tliat only in man we had the heat- 
ing of the heart, that the left side of the body was colder 
than the right, that men have more teeth than women, and 
that there is an empty space at the back of every man’s 
head. 

There is one essential quality in physical conceptions 
which was entirely wanting in those of Aristotle and his 
followers — a capability of being placed as coherent pictures 
before the mind. The Germans express the act of pictur- 
ing by the word vorstellen^ and the picture they call a For- 
stellung. We have no word in English which comes nearer 
to our requirements than and, taken with its 
proper limitations, the word answers very well. But it is 
tainted by its associations, and therefore objectionable to 
some minds. Compare, with reference to this capacity 
of mental presentation, the case of the Aristotelian, who 
refers the ascent of water in a pump to Nature ’s abhor- 
rence of a vacuum, with that of Pascal when he proposed 
to solve the question of atmospheric pressure by the ascent 
of the Puy de Dome. In the one case the terms of the 
explanation refuse to fall into place as a physical image; 
in the other the image is distinct, the descent and rise 
of the barometer being clearly figured beforehand as the 
balancing of two varying and opposing pressures. 

§3 

During the drought of the Middle Ages in Christen* 
dom, the Arabian intellect, as forcibly shown by Draper, 
was active. With the intrusion of the Moors into Spain, 
order, learning, and refinement took the place of their 
opposites. When smitten with disease, the Christian peas- 
ant resorted to a shrine, the Moorish one to an instructed 
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physician. The Arabs encouraged tranalatinna from the 
Greek philosophers, but not from tb« Grwk iHHSta. They 
turned in dkgust “from the lowdmwa of our tdaaaitjgl 
mythology, and denounced m an unpajxiuualde blaapluuny 
all connection between the iinpurt' Olympian Jovo ami the 
Most High God,” Draper traces still further than Whew* 
ell the Arab olements in our seiciitifUi tonus. lie gives 
examples of what Arabian men of sciimro mHmmpliahed, 
dwelling particularly on Albaxen, wht» was the flrot to 
correct the Platonic notion that rays of light aro omitted 
by the eye. Alhazen discovered atmosphoria refraction, 
and showed that we see the aun and the numn after they 
have set. He explained tiie enlargement of the sun and 
moon, and the shortening of the vertical iliamcn-rs of lK>tit 
these bodies when near the horizon. He was awaro that 
the atmosphere decreases in density with incrcstm of eleva- 
tion, and actually fixed its height at f»8J4 ndles. In the 
“Book of the Balance of Wisdom,” he sets forlii the con- 
nection between the weight of tin? ntnumplumi and its in- 
mreasing density. He allows tliat a bmly will weigh dtlfer- 
aitly in a rare and dense atiuospheit», ami he eonsiders 
the teoe witih whioh plunged bodies rise tlirough heavier 
media. He understood the doctrine of tlits centre of grav- 
ity, and appEed it to the invmtigation of balances ami 
steelyards. He reoogniaed gravity as a force, tie mg h he 
feu into the error of assuming it to diminish Himtdy ns 
the distance, and of making it purely terrestrial, lie 
knew the relation between the velocities, spaces, ami times 
<4- falling bodies, and had distinct ideas of capillary attrao- 
Itei, He improved the hydrometer. The detorminaUons 
of the d^rities ed bodies, as givw by Alhaaett, approach 
very elosely to our own. “I jeia^l' aaya Draper, ”m tlm 
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ous prayer of Alhazen, that in the day of judgment the 
ll-Merciful will take pity on the soul of Abur-Eaihfin, 
loause he was the first of the race of men to construct 
table of specific gravities.” If all this bo historic truth 
nd I have entire confidence in Dr. Draper), well may 
> “deplore tiio systematic manner in which the literature 
Europe has contrived to put out of sight our scientific 
jligations to the MoliuintnodauB.” ' 

The strain upon the mind during the stationary period 
ward ultra-terrestrial things, to the nogloct of probloms 
ose at hand, was sure to provoke reaction. But tho res- 
tion was gradual; for the ground was dangerous, and 
power was at hand competent to crush the critic wlio 
ant too far. To elude this power, and still allow oppor- 
nity for tho expression of opinion, tho doctrine of “two- 
id truth” was invented, according to which an opinion 
ight be hold “theologically,” and the opposite opinion 
philosophically.”* Thus, in the thirteenth century, the 
cation of the world in six days, and tho unchangoablo- 
)ss of tlio individual soul, wlii<'.h had been so distinctly 
lirmod by St. Tliomas Aiiuinas, were both denied ]ihil- 
lophieally, but admitted to ho true ns articles of tho 
atholio faith. When Protagoras uttered the maxim which 
•ought upon him so much vituperation, that “ojiposito 
isertions are equally true,” he simply meant to affirm 
on's difierenoos to ho so groat, tliat what was subject- 
ely true to tho one might be subjectively untrue to the 
her. The great Sojihist never meant to play fast ami 
ose with tlic truth by saying that one of two opposite 


' I>av0T«pnmftt of Kuropii,’* p. 

* “lange, i>dlk, pp. IHl, 
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assertions, mado by tln» same mdiviiluul, eoiild poiwibly 
escape being a lie. It was not "Buphisiry, but the dread 
of tbeologic vengeance, that gimrrutcii this dmUiln dealing 
with conviction; and it is aslimisiung t«> juiiint! what 
lengths were allowed U) men wlm were udriut in the nse 
of artilioes of this kind. 

Towiu'tl the oloKO of the atatitinary {ktiocI a word-wcari- 
noss, if I may so expreaa it, took more ntnl mor<» pemaes. 
Bion of men's minds, Chrisnunlom had heeimie aiak of 
tho School Philosophy anil Its verhu! wasieti, which led 
to no isauo, but left the intellect in cverhi.itinLr Inu'i'. Hero 
and there was heard tlio voice of one impaliently crying 
in tho wildoriiOHa, “Not unto AriNtoilr, net unto Buhtlo 
hypothesis, not unto Church, Bible, or Idim! truditiun, 
must wo turn for a knowledge of the nnivi-rw', l>»ii to the 
direct investigation of Natum by obHer\alinn and experi- 
ment." In lf)4!l tho epoc'h-marking worl. of (’opKrnicus 
on the paths of the heavenly bodies appeared, 'I’lic total 
crash of Aristotle's closed univeriie, with the earth at its 
centre, followed ns a consequence, and "The earth luovest" 
became a kind of watohword among inn llectiml freemen. 
OoperniouB was Canon of the elumdi of Pranenburg' in tho 
diocese of Krmoland, For three »nd-tldrly yenrs he had 
withdrawn himself from the world, and ilevote.l him«e!f 
to the consolidation of his grimt soheme of the snlnr evs. 
tern. He made its blocks ©termd; nnd even to tbi>f«' who 
feared it, and d^ired i1» overthrow, it was w> obviouHly 
Btrong that they refrained tor a time from tueddUng with 
iib. In the last year of the life of Oapernieim Ids IsKsk 
appeared: it is said that the old nuiu ut rt*j»y 

of it a few days betose hk death, and then dcparteil in 
peace. 
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The Italian philosopher, Giordano Bruno, was one of 
tlie earliest converts to the new^ astronomy. Taking Lu- 
cretius as his exemplar, he revived the notion of the in- 
finity of worlds; and, combining w^ith it the doctrine of 
Copernicus, reached the sublime generalization that the 
fixed stars are suns, scattered numberless through space, 
a^nd accompanied by satellites, which bear the same rela- 
■ti on to them that our earth does to our sun, or our moon 
to our earth. This was an expansion of transcendent im- 
port; but Bruno came closer than this to our present line 
of thought. Struck with the problem of the generation 
and maintenance of organisms, and duly pondering it, he 
came to the conclusion that Nature, in her productions, 
does not imitate the technic of man. Her process is one 
of unravelling and unfolding. The infinity of forms un- 
der which matter appears was not imposed upon it by an 
czsiternal artificer; by its own intrinsic force and virtue 
if brings these forms forth- Matter is not the mere naked, 
empty capacity which philosophers have pictured her to 
l>e, but the universal mother, who brings forth all things 
as the fruit of her own womb. 

This outspoken man was originally a Dominican monk. 
Hie was accused of heresy and had to fly, seeking refuge 
in Geneva, Paris, England and Germany. In 1692 he fell 
into the hands of the Inquisition at Venice. He was im- 
pi-isoned for many years, tried, degraded, excommunicated, 
and handed over to the Civil power, with the request that 
Jx€» should be treated gently, and “without the shedding 
of blood.” This meant that he was to be burned; and 
l>nrned accordingly be was, on February 16, 1600. To 
escape a similar fate Galileo, thirty-three years afterward, 
abjnred upon his knees, with his hands upon the holy 
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Goapelfl, the heliocentric dcM'trint?, which he know to be 
true. After Galileo came Kopler, wiio frtttn bin German 
home ddied the ultnvmontano pttwer. Ho traotui out from 
pre-existing obserrationB the laws of planotary mohon. 
Materials were tlius prepared for Nowttm, who htmnd those 
empirical laws together by the principle of gmvitation. 

M 

In the seventeenth oentiiry Bacon aiul Deacartea, the 
restorers of philosophy, appeared in ancoesaion. Differ, 
ently educated and endowed, their philnsophin tendeiioiea 
were different. Bacon hold fast Ui Imhiction, Imlieving 
ffrmly in the oxiatenee of an oxtermU W'orld, and making 
collected experiences the basis of all knowledge. The 
mathematical studies of DesoarU's gave him a bias toward 
Deduction; and hia fundamental principle was much the 
same as tliat of Protagoras, who made the imlivitUml man 
the measure of all things, “I think, therefore 1 am," said 
Descartes. Only his own identity was sure to him; and 
the fuE development of thia system would have led to an 
idealism, in which the outer world wt»ulH have bmm ra« 
solved into a mere phenomenon of tnmiw.jousncaa. Gas* 
smidi, one of Demrtai’s oontemporaries, of whom we 
Shan hear more presently, quickly pointwl out that the 
fact of personal existence would be pmvetl as well by ref- 
erence to any other act, as to the act of thinking. I eat, 
therefore I am, or 1 love, therefore I am, would Ihi quite 
as ooiujhmve. Liahtenberg, indcMl, ehowetl that the very 
thing to be proved wiui inevitably p^ttukted in the lirst 
two wds, **I think”; and it is plain that no infcrenco 
ircaaa the post-date could, by any poasibility, bo strongw 
than the postulate itaeM. 



THE BELFASTrm) 


167 


But Descartes deviated strangely;irora the idealism im- 
lied in his fundamental principle. He was the first to 
educe, in a manner eminently capable of bearing the test 
f mental presentation, vital phenomena to purely mechan- 
ial principles. Through fear or love, Descartes was a 
ood churchman; he accordingly rejected the notion of an 
bom, because it was absurd to suppose that God, if He so 
leased, could not divide an atom; he puts in the place 
f tlie atoms small round particles, and light splinters, out 
€ which he builds the organism. He sketches with mar- 
ellous physical insight a machine, with water for its mo- 
power, which shall illustrate vital actions. He has 
lade clear to his mind that such a machine would be 
>mpetent to carry on the processes of digestion, nutri- 
on, growth, respiration, and the beating of the heart. It 
ould be competent to accept impressions from the ex- 
irnal sense, to store them up in imagination and mem- 
^yj go through the internal movements of the appe- 
tea and passions, and the external movements of the 
mbs. He deduces these functions of his machine from 
te mere arrangements of its organs, as the movement of 
clock, or other automaton, is deduced from its weights 
i.d wheels. “As far as these functions are concerned,” 
3 says, “it is not necessary to conceive any other vegeta- 
ve or sensitive soul, nor any other principle of motion 
r of life, than the blood and the spirits agitated by the 
re which burns continually in the heart, and which is 
L nowise different from the fires existing in inanimate 
:>d.ies.” Had Descartes been acquainted with the steam- 
agine, he would have taken it, instead of a fall of water, 
» his motive power. He would have shown the perfect 
nalogy which exists between the oxidation of the food in 
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tlae body, and that of tJ»« «*»»* fornam Ho would 

assuredly have antifipftti««I llaywf »» oallmg the blood 
wliioh the heart diffuaea 'Hha «il of the lamp of lif®," 
deducing all animal moti«n» fmrti the ocMnUiiatnm of thii 
oil, as the motitma of a al»aB» r«Kino arc cUnltiwfd fiPM, 
the combustion of iw ciml. A a the iimiter alantls, how. 
ever, and coiiHidrring tho oiftmm»taKi?r9 «if the time, ih« 
boldness, olearnesH, atul pmdaifm, with which I'm-arn^ 
grasped the problem of vital »ly*>ainiB« coimlilMt® a tnar. 
vellous illustratiott of intwUoniMftl |*!>wrr,* 

During the Middle Agoa th« tlmtrino of atoms h»d 
to all appenmnoo vaiiishod from iliwiwuia. It f»n>hah!y 
held its ground among »wlK'r-ii»itul»stl ami thoughifia! mm, 
thougli neither the church nor tho w»trl4 Wi*» }.nr<}tiiri*d to 
hear of it with tolemnco. Once, in iImj year l.'tlit, it m- 
ceived distinct expresaicm. But rotrai’iniUm hy ^•nllllj<alsuln 
immediately followed; and, tlms flboouragod, it slnmli«ir»'fl 
till tho aevontoenth century, when it whh rtn-ived hy a con- 
temporary and friend of of Matnsewlmry, the or- 

thodox Catholic provoet of Digsm, Qaiwriult. But, Iwfore 
stating his relation to the Kpmarena ihmlrinr*. it will Isa 
well to say a few words tm the effect, tm rt^ganis moeiin', 
of the general inteoduotioa ©f motiothetstu among Kurr*- 
pean nations. 

"Were men," says Hume, Into the a|i|irehensjon 
of invisible intelligent |s>w«p by cotitemplniiott c>f the 
works of Nature, they oouUl never ptnwibly etttertetn any 
conception but of one sing!# Bwing, wh» bestowed eairtt- 
enee and order on this vast wacMwe, and wijttsticd all it* 

^ ^ *’ 

sa-t m ttdnrtwM* “itattf m t»ti, 
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parts to one regular system.” Eef erring to the condition 
of the heathen, who sees a god behind eyery natural event, 
thus peopling the world with thousands of beings whose 
caprices are incalculable, Lange shows the impossibility 
of any compromise between such notions and those of 
science, which proceeds on the assumption of never- chang- 
ing law and causality. *‘But,” he continues, with charac- 
teristic penetration, “when the great thought of one God, 
acting as a unit upon the universe, has been seized, the 
connection of things in accordance with the law of cause 
and eflect is not only thinkable, but it is a necessary con- 
sequence of the assumption. For when I see ten thou- 
sand wheels in motion, and know, or believe, that they 
are all driven by one motive power, then I know that I 
have before me a mechanism, the action of every part of 
which is determined by the plan of the whole. So much 
being assumed, it follows that I may investigate the struct^ 
ure of that machine, and the various motions of its parts. 
For the time being, therefore, this conception renders 
scientific action free.” In other words, were a capricious 
God at the circumference of every wheel and at the end 
of every lever, the action of the machine would be incal- 
culable by the methods of science. But the actions of all 
its parts being rigidly determined by their connections and 
relations, and these being brought into play by a single 
motive power, then, though this last prime mover may 
elude me, I am still able to comprehend the machinery 
which it sets in motion. We have here a conception of 
the relation of Nature to its Author, which seems per- 
fectly acceptable to some minds, but perfectly intolerable 
to others. Newton and Boyle lived and worked happily 
under the influence of this conception; Goethe rejected it 

SOIENCK— -VI— “8 
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witli vahemance, mid i\m mina Tvi^w.nm%v%\ to lunn, opting 
it IB iiuiuifujit in Carlyla,* 

Thu aualytiu and i^yiiihi^iir uf i\w humau 

mind ara trat’oabln tUruughuut U\nUn‘y, i/ri-^t wnirrn rung* 
ing thommdvDH Honii'tirnnH uu ihr %^u*^ ^uh\ m 

tbo other. Men of wnnn findiiiK-s nud shuhI^ Mpm Xa the 
elevating improwiuim prudnood hv lusiur*^ a wlmlej 
whoHo Hivtinfiiidion, ihortdi>ri\ ih r^iih# r rihu jil flum log* 
ioal, loan to the ayutholm ^ulo; ili«^ inuidytu* Imr* 

mouijsoB beat witli tlie more pm-inr nml somto luorhninrnl 
biaB wliieh aeeka the anttHfiioliHti uf tho itnd*'rHt4Uuhug» 
Some form oC punihemnt vtm tuniully luluplc^t! l^y t\w tnm^ 
while a dotaohctl UreuUir, Wi»rkuig moro IvMi ufirr iha 
manner e£ men, mm ofuni ni*^uiurd l»y the t4luT. (hia* 
Bendi, as B'ketohed by LfingOi ia liardly to W rnulanl with 
either. Having formally imknowlrdg<Hl Cb»«i m the great 
fli’Ht cauBO, he immetUiiUdy dr<i|»jHnl llio idf^'a. npplun! the 
known lawn of mmdmnit’B to th*^ iilomH, luu! drduroi! from 
them all vital phemmuma, Ho drfondod Kpionrnii, and 
dwelt upon his purity» both uf diH-tnuo aud of lift-*. d‘nte 
he was a heatlian, but mi wsb AriM4»ilo. Kjuourtm HH^iiulod 
Buperstition and religion, and riglilty, booiuu^o lio did ih 4 
know the true religion. He ihtniglii ibni tho ginb nnihor 
rewarded nor imnislmd, and \m ndorod thoin |niroly m 
consequence of their eomplektnoaa: horo wo mH\ nuyn tlaa» 
sendi, the reverenoe of the ehdd, iimk^ad id tho foar of 

* Boyk’is mod®l of tlm univ^ro© wm Ut© rlm^k ^iUi «iii 

Ajftiacor, C^eUi©, oa Ui© ©thtr lunui* wmg- * 

**llm dm \m laawa mt 

Natur la «lch, sloh fu Nalur mu 

Bee also Oarlyle, “Faet aad Fi'woin,'’ olmp. v. 
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tile slave. The errors of Epicurus shall be corrected, and 
the body of his truth retained. Q-assendi then proceeds, 
as any heathen might have done, to build up the world, 
and all that therein is, of atoms and molecules. God, 
who created earth and water, plants and animals, produced 
in the first place a definite number of atoms, which con- 
stituted the seed of all things. Then began that series of 
combinations and decompositions which now goes on, and 
which will continue in future. Tlio principle of every 
change resides in matter. In artificial productions the 
moving principle is different from tlio material worked 
upon; but in nature the agent works within, being the 
most active and mobile part of the material itself. Thus 
this bold ecclesiastic, without incunnng the censure of the 
church or the world, contrives to outstrip Mr. Darwin. 
Tlio same cast of mind which caused him to detach the 
Creator from his universe, led him also to detach the soul 
from the body, though to the body he ascribes an inflor. 
ence so large as to render the soul almost unnecessary. 
The aberrations of reason wore, in his view, an affair of 
the material brain. Mental disease is bniin-diaoaHo; but 
then the immortal reason aits apart, and cannot bo touched 
by the disease. The errors of madness are those of the 
instrument, not of the performer. 

It may be more than a mere result of education, con- 
necting itself, probably, with the deeper mental structure 
of the two men, that the idea of Gassendi, above enunci- 
ated, is substantially the same os that expressed by Pro- 
fessor Olcrk Maxwell, at the close of the very able lect- 
ure doliverod by him at Bradford in 1878. According to 
both philosophers, the atoms, if I understand aright, are 
prepared materiah, which, formed once for all by the 
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by Kuut, iiiul to tulo' ibi' i< j. ti.'ui tin- iiUuuj* to 

lUcir Milker. 

AnoojiUut? horo tile l('iiib'r«hi3< of K.tui, I lioijbt tlio 
logiUmacy of MiuwellV lo}.-t,', but a imj... .Hiblo out 
to Icol llio cthu' glow with whu h bos 1. . ini. l oj;. luilfM, 
Thom IK, iiiiimuvt'r, 11 very uobh* jiimm .4 < lo.jiji-n. r tu 

his doSCrijitioU of tlui Stetiiifiislui-M* of the istoiui, "NjiIii* 

ral oausoB, as wo know, am at whi- h t. i, i to in...ufv, 

if they do uut at length di'slroy, nil the iuiiUit <1,,, 
diiuojiHiouH of tho earth and the wiede ,„.hir »■. Uut 

though ill tho course of ag#*3i eui;e'lro|*hr'i hm*’ oei'fiiri'd 
and may yet occur in tiu' heaveie^, ihoii^Ut lue e'ut e\;’it<uus 
may bo disHolved and new sysu-iu,! out <■{ tlu-ir 

rtxiuB, tho rnoloouloa out of whieh ihi'^e are built 

—■tho foundation atoiies of ilui luiitetial uitnetne ii ituitu 
unbroken and unworn." 

Tho atoniio iloetrine, in whole or in j'utt, wuh l■llt^■r• 
tainod by Bacon, BeHearb-H, Hobbea, l..H-he. New mu, 
Boylo, and their suectsHsors, until the 1 heiui.ul law of 
muUiplo proportions enabled Dnltun u. eoi.frr uj.ou it an 
entirely now signifleanno. In our diiy there ate , ‘„ons 
from the theory, but it still sUiuds ihtu. l.o.ebimdl, 
Stoney, and Sir William ThomHon bavo m.ugbt t.. deter- 
the sizes of the atoms, or ruilier to tlx the liu.iui 
between which their sisiea lie; while the dun-ourses i f Wil- 
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liamson and Maxwell delivered in Bradford in 1878 illus- 
trate the present hold of the doctrine upon the foremost 
scientific minds. In fact, it may be doubted whether, 
wanting this fundamental conception, a theory of the ma- 
terial universe is capable of scientific statement. 

§6 

Ninety years subsequent to Gassendi the doctrine of 
bodily instruments, as it may be called, assumed immense 
importance in the hands of Bishop Butler, who, in his 
famous “Analogy of Religion,” developed, from his own 
point of view, and with consummate sagacity, a similar 
idea. The Bishop still influences many superior minds; 
and it will repay us to dwell for a moment on his views. 
He draws tho sharpest distinction between our real selves 
and our bodily inslrumonts. He does not, as far as I re- 
member, use the word soul, possibly because the term was 
so hackneyed in his day, as it had been for many gener- 
ations previously. But he speaks of “living powers,” 
“perceiving or percipient powers,” “moving agents,” 
“ourselves,” in tho same sense as wo should employ tho 
term soul. He dwells upon tho fact that limbs may bo 
removed and mortal diseases assail tlie body, the mind, 
almost up to the moment of death, remaining clear. Ho 
refers to sleep and to swoon, where the “living powers” 
arc suspended but not destroyed. He oonsidora it quite 
as easy to conceive of existence out of our bodies as in 
them; tliat wo may animate a succession of bodies, tho 
dissolution of all of them having no more tendency to dis- 
solve our real solves, or “deprive us of living fai-.ulties — 
the faculties of perception and action — than tho dissolution 
of any foreign matter which we are capable of receiving 
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impreMionB from, or makiog »is«i «'( f..r ilio oomimm oeo|. 
Riona of life." Thin is (Jim key »»f iKwitioa. 

“our organiJMsd bodieH »r« »u> mutro a t.f miraelve* 

than any oUjer matter ar»>un4 ua.** In }»riK>f c*f Uua ba 
calls attention to the u*t» of gliwaus, wluoh “jireparw oh* 
jeots" for tlie “poRupienl Jjowor" osarlly w ll»o oyii docR, 
The eye itself is no more jwreijiumi ilmti the glaw; |g 
quite aa much the inatrumtmt ut the irite self, ami aho 
aa foreign to the true aolf, m Ujb gla#e» i». " Ami if we mr 

with our eyes only in the same manner m wo tin with 
glassM, the like may justly Im» t^om Unlwl fr«*tn analogy 
of all our ReuMi.” 

Lucretius, as you are awart», n?aKl»e«l a j»rt’sn««i|y oppo* 
site conclusion; and it certainly would \m i«terc«img, if 
not profitable, to us all, ti» hear wlmi ho would or muld 
urge in oppMition to the nwnmng of iho Ui«hoji Aa a 
brief discussion of the point wdl enaldo wa !•» »»*o thw War* 
ings of an important t|ue«tioit, I wtll io'rc pmiot a dis* 
ciple of Lucretius to try the alrengih of iiie lljahop's 
tion, and tiiea allow lb« Bishop to mahate. with i\w view 
of rollixtg ba(^k, If he can, tite diillcuUy upot, liU''reiius. 

The aifument might piwwd in this fswhn.n; 

^'Subjected to the test of mental pfttaeniati»*n ( 

Jmg), your views, «mt honored prelate, would .dfer to 
many sdnda a gswRt^ if not an itMujastahle. tliilletiUy. You 
apeak ^ pow«»,’ ‘pweipienl m |»r«*nriiig jHiwfirp/ 

and ‘ourselves'} but om you fmpw a menial piclurw of any 
oi these, apart fnma o^^nism through whndi it is »up* 
posed to ant? Teatyoan»lf honwtly, ami frlir4i4nr y«ia 
possw any faonlly that would onabb j%m ttt Bm^h 
a cottot^tion. The fau# self has a feeal hahitotn.n m owh 
oi TO{ thm looriiaed, must it a f*,rm? If w», 
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stroko liav6 b66ii jnucli loiig6r in th6 S9>ni6 stat6} dud. in* 
deed in cases of ordinary concussion of the brain, days 
may elapse during which no experience is registered in 
consciousness. Where is the man himself during the 
period of insensibility? You may say that I beg the ques- 
tion when I assume the man to have been unconscious, 


that he was really conscious all the time, and has simply 
forgotten what had occurred to him. In reply to this, 
I can only say that no one need shrink from the worst 
tortures that superstition ever invented, if only so felt and 
BO remembered. I do not think your theory of instru- 
ments goes at all to the bottom of the matter. A tele- 
graph operator has his instruments, by means of which ho 
converses with the world; our bodies possess a nervous 
system, which plays a similar part between the perceiving 
power and external things. Out the wires of the operator, 
break his battery, demagnetize his needle; by this meanw 
you certainly sever his connection with the world: but, 
inasmuch as these are real instruments, their destruction 
does not touch the man who uses them. The operator 
survives, ciTid he hnows that he suTvives. 'What is tlioro, 
I would ask, in the human system that answers to this 
conscious survival of the operator when the battery of the 
hrmn is so disturbed as to produce insensibility, or when 
it is destroyed altogether? 


Another consideration, which you may regard aei 
Bfight, presses upon me with some force. The brain may 
change from health to disease, and through such a change 
toe most exemplary man may be converted into a do- 
gbee or a murderer. My very noble and approved 
bad, as yon know, threatenings of lowdneas 
mto rs brain by his jealous wife’s philter; and 
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sooner than permit himself to run even the risk of yield- 
ing to these base promptings he slew himself. How could 
the hand of Lucretius have been thus turned against him- 
self if the real Lucretius remained as before? Oan the 
brain, or can it not, act in this distempered way without 
the intervention of the immortal reason? If it oan, then 
it is a prime mover which requires only healthy regula- 
tion to render it reasonably self-acting, and there is no 
apparent need of your inunortal reason at all. If it can- 
not, then the immortal reason, by its mischievous activity 
in operating upon a broken instrument, must have the 
credit of committing every imaginable extravagance and 
crime. I think, if you will allow me to say so, that the 
gravest consequences are likely to flow from your esti- 
mate of the body. To regard the brain us you would a 
staff or an oyoglasH — to shut your eyes to all its mystery, 
to the perfect correlation of its condition and our oon- 
soiousuess, to the fact tlxat a slight excess or defect of 
blood in it produces the very swoon to which you refer, 
and that in relation to it our moat, and drink, and air, ami 
exorcise, have a purfoctly traiisceudouUil value and sig- 
niflcanco — to forget all this does, I think, open a way to 
innumerable errors in our habits of life, and may possibly, 
in some oases, initiate and foster that very disease, and 
consequent mental ruin, whioh a wiser appreciation of this 
mysterious organ would have avoided.” 

I can imagine the Bishop thoughtful after hearing tliis 
argument, lie was not the man to allow anger to mingle 
with the consideration of a point of this kind. After <luo 
reflectiou, and having strengthened himself by that lum- 
est contemplation of the facta whioh was luibitiml with 
him, and which includes the desire to give even adverse 
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reasonings their dna we.gK I can ^ 

to proceed thus: “You will remember that m tlie An 
ogy of Eehgion,’ of which you have so kmdly 81 j 
I^d uot profess to prove anything absolutely, ami that I 
over and over again acknowledged and insisted on the 
smallness of our knowledge, or rather the depth of our 
iguorance, as regards the whole system of the ttruven»i^ 
My object was to show my deistical friends, who mt forth 
so eloquently the beauty and benefloenoe of Nature ami 
the Euler thereof, while they had nothing but ecttrn fof 
the so-called absurdities of the Christian scheme, that they 
were in no better condition than we were, and that, ft>*^ 
every difEiculty found upon our side, quite as great a difR* 
culty was to be found upon theirs. I will now, with your 
permission, adopt a similar line of argument. You aro 
a Lucretian, and from the combination and aeparatuin of 
insensate atoms deduce all terrestrial things, inoludirtg 
organio forms and their phenomena. Let me tell you JU 
the first instance how far I am prepared to go with you. 
I admit that you can build crystalline forms out of tlria 
play of molecular force; that the diamond, amethyst, and 
snow-star are truly wonderful structures which are tliu« 
produced- I will go further and acknowledge that even 
a tree or flower might in this way be organized. Nay, 
if you can show me an animal without sensation, I will 
concede to yon that it also might be put together by th© 
suitable play of molecular force. 


‘Thus far our way is clear, but now comes my dif* 
Your atoms are individually without sensation, 
»n»h more ate they without intelligence. May I aak 
ywr, to toy your hand upon this problem. Taka 
year dead hydrogen atoms, your dead oxygen atoms, 
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yoTir dead carbon atoms, your dead nitrogen atoms, your 
dead phosphorus atoms, and all the other atoms, dead as 
grains of shot, of which the brain is formed. Imagine 
them separate and sensationless; observe them running 
together and forming all imaginable combinations. This, 
as a purely mechanical process, is seeable by the mind. 
But can you see, or dream, or in any way imagine, how 
out of that mechanical act, and from these individually 
dead atoms, sensation, thought, and emotion are to rise? 
Are you likely to extract Homer out of the rattling 
of dice, or the Differential Calculus out of the clash of 
billiard-balls? I am not all bereft of this Yorstellungs- 
Kraft of which you speak, nor am I, like so many of my 
brethren, a mere vacuum as regards scientific knowledge. 
I can follow a particle of musk until it reaches the olfac- 
tory nerve; I can follow the waves of sound until their 
tremors reach the water of the labyrinth, and set the oto- 
liths and Corti’s fibres in motion; I can also visualize the 
waves of ether as they cross the eye and hit the retina. 
Hay more, I am able to pursue to the central organ the 
motion thus imparted at the periphery, and to see in idea 
the very molecules of the brain thrown into tremors. My 
insight is not baffled by these physical processes. What 
baffles and bewilders me is the notion that from those 
physical tremors things so utterly incongruous with them, 
as sensation, thought, and emotion, can be derived. You 
may say, or think, that this issue of consciousness from 
the clash of atoms is not more incongruous than the flash 
of light from the union of oxygen and hydrogen. But I 
beg to say that it is. For such incongruity as the flash 
possesses is that which I now force upon your attention. 
The “flash’ ^ is an affair of consciousness, the objective 



countorpart of wluob i« a vibration. It i«i a liiiah only by 
your iutorproUition. art? tlio (MUhcj of the apparaat 

ineoiigruity; and you nni the thing tlial punleit mo. j 
need not remind you that tho great Lmbnita foJt tbo diftl- 
culty whicli I leol; and that, to gut ml of thia mmialrotui 
deduction of life from di'atli, he diajdw'ed y.mr atonm by 
his numailH, wliioii wore iiiorti or li's« jH'rffot inirmra of 
tbo univorBc, and out of tlie aumnintion and inU’'gmtion 
of winch ho tmppoBcd all tho jdmnomoim of life— iientiwnl, 
intellectual, and crnotional—lo ariiws. 

“Your difficulty, thou, M I atwyou am* rea«ly {*> admit, 
is quite as great as mine, You eamiot anti«fy the hunmn 
understanding in its di'iniuid for logical ttofiliiniiiy Wlwefn 
molecular ju’ooosaoa nml the jditmouuiim of »oiii»»n«ui»m'iiii. 
This is a rock on whioh Mateniv!i«m imisi inevitably aplit 
whenever it preUmds to be a coinjdeto ]dulo>M»|diy of Uh\ 
What is tho moral, my Liierntian? You and I an* not 
likely to indulge in ilblemper in the dt>«mtmi«)ti of thcae 
great topics, whore wo see wi mneh rtnua for honest dtlfcm 
ences of opinion. But there are j«o|de of lea» wit «ir more 
bigotry (I say it with humility), on bmh aitlea, who are 
ever ready to mingle anger and vitujmmtiou with auch dm- 
cuasions. There are, for esamplt), writera of note nnd in- 
fluence at the present day who are not «iidmiiu*d puiiHidy 
to assume the ‘deep personal sin' of a great logioiau t.* !«» 
the cause of his unbelief in a thoologio dogma,* And 


aspect imdorwUloh Ui« tom Wltor of ito •*tHit4ln tl^vW 
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“unbelia^p in tsT ^ tsimgiKiy «*f tto 
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there are others who hold that we, who cherish our noble 
Bible, wrought as it has been into the constitution of our 
forefathers, and by inheritance into us, must necessarily 
be hypocritical and insincere. Let us disavow and dis- 
countenance such people, cherishing the unswerving faith 
that what is good and true in both our arguments will be 
preserved for the benefit of humanity, while all that is 
bad or false will disappear.’^ 

I hold the Bishop’s reasoning to be unanswerable, and 
his liberality to be worthy of imitation. 

It is worth remarking that in one respect the Bishop 
was a product of his age. Long previous to his day the 
nature of the goal had been so favorite and general a 
topic of discussion that, when the students of the Italian 
Universities wished to know the leanings of a new Pro- 
fessor, they at once requested him to lecture upon the 
soul. About the time of Bishop Butler the question was 
not only agitated, but extended. It was seen by the 
clear-witted men who entered this arena that many of 
their best arguments applied equally to brutes and men. 
The Bishop’s arguments were of this character. He saw 
it, admitted it, took the consequence, and boldly embraced 
the whole animal world in his scheme of immortality. 

§ 6 

Bishop Butler accepted with unwavering trust the 
chronology of the Old Testament, describing it as “con- 
firmed by the natural and civil history of the world, col- 
lected from common historians, from the state of the 
earth, and from the late inventions of arts and sciences.’* 
These words mark progress; and they must seem some- 
what hoary to the Bishop’s successors of to-day. It is 



182 


fraomknw of acmNUM 


hardly necessary to infortti you that hi« time the do* 

main o£ tlio natuniHst has b«oti iimmnistdy oxtomled—the 
whole seionce of geology, with lu nsUuni«lit»g rovt-latinns 
regarding the Ulo of the atunont earth, having heen 

created. The riguUty of old oono«>}>liotia has Iwen iti* 

laxod, the puhlie aiitid being rtnulennl gratiunlly toler* 
ant of the idea that u«)t for »ix tlunmiuid, iittr fur sixty 
thousand, nor for six thousand tlnmsiuid, but for mtw 
einbraoiiig untold millions of y»ar», Uiis onrlh lias Wen 
the theatre of life and death. Thw ri«hlle td thn nniks 

has boon read by the geologist ami palwintologist, from 

Bub-oambrian depths Uj the tlejawlhi tbielfiming over the 
Bea*l)ottomH of to-day. And ujaw the leavtss of tliat sUme 
book are, as y<}U know, stamjaal ll»e chanustors, plainer 
and surer than those formwl by Uie ink «»f history, which 
carry the mind back into abysses of past liniw, eompnrcd 
with wliie.h tins periiMls which watiallml Ibshop Ilulbr 
oonso to have a visual angle. 

The lodo of disoovory oaee slruek, those {wlrifted forms 
in which life was at one time aolivw, iimroasotl Ui multi- 
tudes and demanded classifiRatiem. They were grouped in 
genera, species, and varieties, aecortling to the degnw of 
similarity sulmiating between them. Thus confusion was 
avoided, each ohjcct being found in tlio pigtmn lud« ap- 
propriated to it and to its follows of similar morphofug- 
ical oy physiological oharaoter. Thu genonil faot bo* 
came evident that none but tbs simplest ftirms of lifu Hu 
lowest down; tliat, as w© climb bighar among llin suiwr* 
imposed strata, more perfect forms sp|iesr. The RlumgR, 
however, from form to fonn was not coiiuimous, but by 
steps— some small, some groat “A «««tion,“ wys Mr. 
Huxley, “a hundred feet thick will exhibit at difforcut 
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ieigh.ts a dozen species of Ammonite, none of whicli 
passes beyond tbe particular zone of limestone, or clay, 
into tbe zone below it, or into that above it.’^ In tbe 
presence of sucb facts it was not possible to avoid tbe 
question: Have these forms, showing, though in broken 
stages, and with many irregularities, this unmistakable 
general advance, been subjected to no continuous law of 
growth or variation? Had our education been purely 
scientific, or had it been sufiQ.cient]y detached from influ- 
ences which, however ennobling in another domain, have 
always proved hinderances and delusions when introduced 
as factors into the domain of physics, the scientific mind 
never could have swerved from the search for a law of 
growth, or allowed itself to accept the anthropomorphism 
which regarded each successive stratum as a kind of me- 
chanic’s bench for the. manufacture of new species out of 
all relation to the old. 

Biased, however, by their previous education, the great 
majority of naturalists invoked a special creative act to ac- 
count for the appearance of each new group of organisms. 
Doubtless numbers of them were clear-headed enough to 
see that this was no explanation at all — that, in point of 
fact, it was an attempt, by the introduction of a greater 
difldculty, to account for a less. But, having nothing to 
offer in the way of explanation, they for the most part 
held their peace. Still the thoughts of reflecting men nat- 
urally and necessarily simmered round the question. De 
Maillet, a contemporary of Newton, has been brought into 
notice by Professor Huxley as one who “had a notion of 
the modifiability of living forms.” The late Sir Benjamin 
Brodie, a man of highly philosophic mind, often drew my 
attention to the fact that, as early as 1794, Charles Dai> 
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win’s grandfather was the pioneer of Charles J)arwin» In 
1801, and in subsequent years, the celebrated Lamarck, 
who, through the vigorous exposition of his views by the 
author of the “Vestiges of Creation,” rendered the public 
mind perfectly familiar with the idea of evolution, ondeiiv* 
ored to show the development of species out of changes 
of habit and external condition. In 1818 Dr. Wtslla, the 
founder of our present theory of Dow, read before the 
koyal Society a paper in which, to use the words of Mr. 
Darwin, “he distinctly recognizes the principle of natural 
selection; and this is the first recognition tliat has been 
indicated.” The thoroughness and skill with which Wells 
pursued his work, and the obvious independence of his 
character, rendered him long ago a favorite with me; and 
it gave me the liveliest pleasure to alight upon this addi- 
tional testimony to his penetration. Professor Grant, Mr. 
Patrick Matthew, Von Buoh, the author of the “Vestiges,” 
D’Halloy, and others, by the enunciation of opinions more 
or less clear and correct, showed that the question imd 
been fermenting long prior to the year 1868, when Mr. 
Darwin and Mr. Wallace simultaneously, but indopend- 
ently, placed their closely concurrent views before the 
Dinnean Society.* 

These papers were followed in 1869 by the publication 
of the first edition of the “Origin of Species,” All groat 
* ^8 come slowly to the birth. Oopernious, os I in- 
ormed you, pondered his great work for thirty -three years. 


, vol i. pp. 500-610. 

(“Principles of Psychology,” 3d odit. vul. 
®>l»okeii eTni™K* * ® telief that life under all its forms has arison by m 

tausss ” Thio '^nngh the ingtrumentallty of what are called iinltiriU 

>»• This was my belief also at that time. 
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Newton for nearly twenty years kept the idea of Gravita- 
tion before Ms mind; for twenty years also he dwelt upon 
his discovery of Fluxions, and doubtless would have con- 
tinued to make it the object of his private thought, had 
he not found Leibnitz upon his track. Darwin for two- 
and-twenty years pondered the problem of the origin of 
species, and doubtless he would have continued to do so 
had he not found Wallace upon his track.* A concen- 
trated, but full and powerful, epitome of his labors was 
the consequence. The book was by no means an easy 
one; and probably not one in every score of those who 
then attacked it, had read its pages through, or were com- 
petent to grasp their significance if they had. I do not 
say tMs merely to discredit them : for there were in those 
days some really eminent scientific men, entirely raised 
above the heat of popular prejudice, and willing to accept 
any conclusion that science had to offer, provided it was 
duly backed by fact and argument, who entirely mistook 
Mr. Darwin’s views. In fact, the work needed an ex- 
pounder, and it found one in Mr. Huxley. I know noth- 
ing more admirable in the way of scientific exposition than 
those early articles of his on the origin of species. He 
swept the curve of discussion through the really signifi- 
cant points of the subject, enriched his exposition with 
profound original remarks and reflections, often summing 
up in a single pithy sentence an argument which a less 
compact mind would have spread over pages. But there 
is one impression made by the book itself which no ex- 
position of it, however luminous, can convey; and that 


> The behavior of Mr. Wallace in relation to this subject has been dignified 
in the highest degree. 
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is the impreB«ion of tins vii«t aiuiKHit i>f labor, both of 
observation and of thought, imjditnl m ii« pnKlmjtioa. 
Lot us glance at ite pritunphtj*. 

It is oonoodod on all hamle that what are imllod “vii. 
rieties” are continually prfKluowb 'riio mbi is probably 
without exception. Ntt chick, or chihi, im m all tcapectt 
anti particulars the couuU'rpart of its brother ami sister; 
and in Huoh dillercncos wts have ‘■varo-is” iionpienu No 
naturalist csould ttdl how far IIuh varmiioii ciubl Iw ows 
ried; but the great rnaaa of ihom held ihai never, by any 
amount of internal or external cha»igc. imr by the niixtnre 
of both, oould the olTspring of iho «iun»< pro^tnalor i«> fw 
deviate from oatdi other as to ci»nsiiiuio «b!fcr«’iii sjwcit*. 
The function of the exjHsrirncnlal philoHopht r js to com- 
bine the oondilaoaa of Naturo and to prodnew her results; 
and this was the method of Darwin.' lie nmdc himself 
acquainted with what could, wilhoiil any uuinncr of doubt, 
be done in the way of producing vari»iti.*i». lie aswHnnUjd 
himself with pigeon-fanciers— bought, brggi-d, kcjU, and 
observed every breed that be eouhl obtnio. Thimgh ile- 
rived from a common stock, the divnrsincs «»f ibesc pigcims 
were such that "a score of them might Ut ein.>.pii which, 
if shown to an ornithologist, and he went told that they 
were wild birds, would certainly Iw ranked by him as 
well-dedned spwilm" The aimpte principle which guides 
the pigeon-fancier, as it does the eaiile breeder, is the 
selection of some variety that strikes lu« fanev. ami the 
propagation of tliis variety by inheriianoe. With io« eye 


* lbs tell) stip ealy towml expirtmiRia) l»*» Ws oUtmi. 

Blxj^wlnsats naw bsfon n%bt, a amjgn «{ eBmwrtei twiim, r«»r»>iiili it»J* of 
jKMtontable Ttian, wHeb enght to migglM to ibo at ii,o ruutm. 
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(iirect6d to the particular appearance which he wishes 
:aggerate, he selects it as it reappears in successive 
Is, and thus adds increment to increment until an 
ishing amount of divergence from the parent type is 
ed. The breeder in this case does not produce the 
of the variation. He simply observes them, and 
lection adds them together until the required result 
►een obtained. “No man,” says Mr. Darwin, “would 
try to make a fantail till he saw a pigeon with a tail 
oped in some slight degree in an unusual manner, 
pouter until he saw a pigeon with a crop of unusual 
’ Thus nature gives the hint, man acts upon it, and 
e law of inheritance exaggerates the deviation, 
aving thus satisfied himself by indubitable facts that 
rganization of an animal or of a plant (for precisely 
ame treatment applies to plants) is to some extent 
0 , he passes from variation under domestication to 
bion under nature. Hitherto we have dealt with the 
g together of small changes by the conscious selec- 
of man. Can Nature thus select? Mr. Darwin’s 
5r is, “Assuredly she can.” The number of living 
3 produced is far in excess of the number that can 
pported; hence at some period or other of their lives 
must be a struggle for existence. And what is the 
ible result ? If one organism were a perfect copy of 
ther in regard to strength, skill, and agility, external 
tions would decide. But this is not the case. Here 
ive the fact of variety offering itself to nature, as in 
ormer instance it offered .itself to man; and those 
:ies which are least competent to cope with surround- 
on ditions will infallibly give way to those that are 
Competent. To use a familiar proverb, the weakest 
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goes to the wall. But the triumphant fraction agaia 
breeds to over-production, tmnsmitting the (jualities which 
secured its maintenanoe, but tranamitUng them in difie^ 
ent degrees. The struggle for food again «u|)«rvene8, and 
those to whom the favorable quality haa been transmitted 
in excess, will triumph w before. 

It is easy to see that we have hew the addition of in. 
crements favorable to the individual, still more rigorously 
carried out than in the mm of domeatiimiiou; for not only 
are unfavorable speoimenH not aidiwUKl by imiun*, but they 
are destroyed. This i» what Mr. Uarwin oalle *' Natural 
Selection,'* which acts by the i»re»ervatiun arul nccuinula* 
tion of small inherited mcHlitloations, twh proflmble to 
the preserved being. With thi.*< idesi he int<>r|>enc!lrat88 
and leavens the vast store of fatfts that h«? lunl othem have 
collected. We cannot, without shuttuig tmr eyes through 
fear or prejudice, fail to see that Uarwitj is bent tiimling, 
not with imaginary, hut with true causeM; nor wui we fwl 
to discern what vast mwlidoations may !•© pnwluced by 
natural selection in perituls suflUhenily long. Karh indi- 
vidual Increment may resemble what miithemiititn.m8 call 
a “differenidal" (a quantity indefinitely small); but ibflnite 
and great changes may obviously be prodtieetl by the 
integration of these infinitesimal quantities, through prac- 
tically infinite time. 

If Darwin, like Bruno, rejects the notion td creative 
power, acting after human faahlon, it oerimnly is not be- 
cause be is unacquainted with the numl>orlt«s exfjuisite 
adaptations, <« wbiob this notion of a »u|»mataral Artifi- 
bwt been founded. His book is a reiMmitory of the 
tnosi startling facts of tMs deeoriptimi. Take the marvel- 
lotts observation wbiob be dtea from Dr. Krttger, where 
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bucket, with, an aperture serving as a spout, is formed 
an orchid. Bees visit the flower; in eager search of 
iterial for their combs, they push each other into the 
cket, the drenched ones escaping from tiicir involuntary 
th by the spout. Here they rub their backs against tlio 
icid stigma of the flower and obtain glue; then against 
) pollen-masses, which are thus stuck to the back of the 
5 and carried away. “'When the boo, so provided, flies 
another flower, or to the same flower a second time, and 
jushed by its comrades into the bucket, and tlicu crawls 
i by the passage, the pollon-mass upon its buck noccs- 
ily comes first into contact with the viscid slignm,” 
ich takes up the pollen; and this is how that orcliid 
fertilized. Or take this other case of the Caiaselum. 
cos visit those flowers in onlcr to gnaw the labellum; 
doing this they inevitably touch a long, toporing, sonsi- 
0 projection. This, when tomshod, transmits a sensa- 
n or vibration to a certain membrane, which is instantly 
)turod, sotting free a spring, by which the pollon-mass 
shot forth like an arrow in the right direction, and ad- 
‘08 by its viscid extremity to the hack of the boo.” In 
8 way the fertilizing pollen is spread abroad. 

It is the mind thus stored with the choicest materiala 
the teleologist that rejects teleology, seeking to refer 
ise wonders to natural causes. They illustrate, accord- 
; to him, the method of nature, not the ‘‘teehnie*' of 
nanliko Artillcor. Tim beauty of flowers is duo to nat- 
.1 selection. Those that distinguisli themselves by viv 
Y contrasting colors from the surrounding green loaves 
most readily seen, most frequently visited by insocts, 
8t often fertilized, and hence most favonul by natural 
action. Colored berries also readily attract llio atUsn- 
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tion of anti wliJeh finnl upun th^rn, spread 

their ruanurml HendH ahrtmd, thnn irreH mu\ «hntb« 

poHHOBBing Buoli Uorrirs a greaUT oluiuro in thn struggle 
for existonetx 

With profound analytic and synlhfUin nkill, Mr. Bar* 
witi invuHtiguU'H tln^ ooH-ntakiiig iimfmrt uf tln^ hivfdme, 
]fiH mtilhod of tlt^uling with it in rs-pri'f^rtitativt'. He falls 
hack from the nioro pnrftH'ily i*» ih*’ \%^rm prrftTily clt'vel* 
opad iuHtinot— "fnuu th«^ hivo ltou t<» thi* huiubU^ \ivi\ whiah 
UHeH its own onootm as a etunh, iiu«l U* of Uh^h of 

intarmodiato akill, omloavoring almw Itow piutHage 
niighb bo gratluully nuidc^ from tln» hnvmi to tbo higlirBt 
Tlio Having of wax in thu iiiipoifiuit pMmt in the 

ocoutuny of baoH. Twolvo to tlflyru ponudn of drv ^ugar 
aro Haiti to bo lUHnlml for iho of n tonvlo ponml 

of wax. n'ho (pmntilioH of mnUar norr ^ for tint 
niUHt; tln*r('ftjr(» bt* vuMt; ami m-rry itupro vi-niriii af von- 
Hlructivo iriHliunt whirb roHultn in tlio jhiivini.^ of wa?*c m 
a direct prtdlt to tho 5nHtn't*H bfo. I'ho tiioo thni would 
othorwiBu bo dovoUal to tho mnkiiig of wa\ dr\ olrd 
to the gathering arul gttjriug^ of litmry for wuaor fomh 
Mr. Darwin passcH frtun the Imnib!*' bt f' with iit rtida 
cells, through the McHpona witli m nmrr urtiMiv ridls, 
to the hive-btm with iistoninhingt nrt‘hito»'tttrf\ Tim 
bees place themsolveH at ctjual dislimroH npurt ttpt»n the 
wax, sweep and excavate etjuul spheres roum! iht^ t^ideeUnl 
points. Tho sphcrcH intersect, ami the plam^H of jntersee* 
tion are built up with thin kminnu Ur xngouiri! t*ells are 
thus formed. This mode of tnmiing sutdi ipieHitium is, 
as I have said, representative. The expitsitiir habitually 
retires from the more perfect and oomplox, the less iier« 
feet and simple, and carries you with him thnnigh 
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'perfecting — adds increment to increment of infinitesimal 
inge, and in this way gradually breaks down your re- 
itance to admit that the exquisite climax of the whole 
lid be a result of natural selection. 

Mr. Darwin shirks no difficulty; and, saturated as the 
iject was with his own thought, he must have known, 
bter than his critics, the weakness as well as the strength 
his theory. This of course would be of little avail were 
1 object a temporary dialectic victory, instead of the es- 
)lishment of a truth which he means to be everlasting. 
Lt he takes no pains to disguise the weakness he has 
icerned; nay, he takes every pains to bring it into the 
ongest light. His vast resources enable him to cope 
bh objections started by himself and others, so as to 
.ve the final impression upon the reader’s mind that, if 
jy be not completely answered, they certainly are not 
al. Their negative force being thus destroyed, you are 
e to be influenced by the vast positive mass of evidence 
is able to bring before you. This largeness of knowl- 
ge, and readiness of resource, render Mr, Darwin the 
>st terrible of antagonists. Accomplished naturalists 
ve levelled heavy and sustained criticisms against him 
not always with the view of fairly weighing his theory, 
t with the express intention of exposing its weak points 
ly. This does not irritate him. He treats every objec- 
n with a soberness and thoroughness which even Bishop 
Ltler might be proud to imitate, surrounding each fact 
th its appropriate detail, placing it in its proper rela- 
ns, and usually giving it a significance which, as long 
it was kept isolated, failed to appear. This is done 
thout a trace of ill-temper. He moves over the subject 
th the passionless strength of a glacier; and the grind- 
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ing of the rocks is not always without ft coaal«r}«rt fa 
the logical pulverization of the objector. But tboagfa fa 
handling tliia mighty theme all passion has i»e«tt 
there is an emotion of the intellect, incitlont to the d» 
cemment of new truth, which often colors anti wanna ih 
pages of Mr. Darwin. His success has Ikhui g'ft’at; a»t 
this implies not only the solidity of his work, but itw 
paredness of the public mind for such n rcvolatioii. Or 
this head, a remark of Agassiz impressed nio mow tfaai 
anything else.' Sprung from a race of tbeoiogifto** drii 
cele'brated man combated to the last the tluniry of niinrs 
selection. One of the many times I hatl tin* ploft^Mre o 
meeting him in the United States was at Mr. Winllintp’ 
beautiful residence at Brookline, near Bosti»n. Btamj 
from luncheon, we all halted, as if by 
in front of a window, and continued therti « tlisottosim 
which had been started at table. The itmplo wa« in ifc 
autumn glory, and the exquisite beauty of the stwno 
side seemed, in my case, to interpenetrate without di uurh 
ance the intellectual action. Bamostly, almost satllv, 
siz turned, and said to the gentlemen standing rotiud, *' 
cojdesa that I was not prepared to see this tluwiry rtn-.-iv* 
as it has been by the best intellects of our time.' It# ,.ua 
cess is greater than I could have thought poH»ildta‘* 


O • 

In our day grand generalizations have been 

Site S , dootoe of the Oonsenratioa of K..»rw. 

'Sndy seen whioh are aa yet 

^ dootrbe which •■bind, nature f„ 
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to an extent not Mtherto recognized, exacting from 
ry antecedent its equivalent consequent, from every 
sequent its eqxiivalent antecedent, and bringing vital 
well as physical phenomena under the dominion of 
t law of causal connection which, so far as the human 
lerstanding has yet pierced, asserts itself everywhere 
nature. Long in advance of all definite experiment 
)n the subject, the constancy and indestructibility of 
bter had been affirmed; and all subsequent experience 
bified the affirmation. Mayer extended the attribute of 
estructibility to energy, applying it in the first instance 
inorganic,^ and afterward with profound insight to or- 
dc nature. The vegetable world, though drawing all 
nutriment from invisible sources, was proved incom- 
ent to generate anew either matter or force. Its mat- 
is for the most part transmuted gas; its force trans- 
ned solar force. The animal world has proved to be 
tally uncreative,, all its motive energies being referred 
the combustion of its food. The activity of each ani- 
l, as a whole, was proved to be the transferred activity 
ts molecules. The muscles were shown to be stores of 
shanical energy, potential until unlocked by the nerves, 
L then resulting in muscular contractions. The speed 
vrhich messages fly to and fro along the nerves was de- 
nined by Helmholtz, and found to be, not, as had been 
viously supposed, equal to that of light or electricitj, 
i less than the speed of sound — ^less even than that of 
eagle. 

This was the work of the physicist: then came the 


Dr, Berthold has shown that Leibnitz had sound views regarding the 
lervation oi energy in inorganic nature. 

SoiBNOB— 'YI— 9 



UtiU PUJIUV.-WU*W \ *v»iiuwuu 

of every organ in the whole hioh^gioal r 4 f’ru\' 4 , from the 
lowest 250ophyto up to man. 'riie nervnuH ny^^tmu had 
been made the ohjn^t of prt»ft»nml and runtlnuod .study, 
the womlorrxd and, at botU>m, rnlirrlv luyalorinus (’ontrob 
ling power wldeh it exotviHoH i^wr tlu' win do iirguniam, 
physical and numUl, lunng rtun^gni/.isl suurr and uujre. 
Thought could not Im kept batdc (nuu a aulgooi ho pro- 
foundly BuggcBtivc. BcHidcM the pliy?urul hfe tlrali witli 
by Mr. Darwin, there in a j>Hyt‘hieul life prr.srnttng similar 
gradatioim, and anking etpmliy f«»r u ..^ducum, Hnw am 
the dilTe,rent gradea atul orthu'B td Mind 0* bo iua*uuutetl 
for? What in the jtrineiple td prowih td that tuy.Himhnrn 
power which on our pliuu*t eulminatrs in itraMuu ? d’iuw 
are (pientiouH which, thouglj tud rhniHtiiiir ihtnn^^idvt's ,sr) 
forcildy upon the niteutiim td tin* yrurru] pnldti\ hud not 
only occupicil many rclhuUnig niind.s, l»ut hud lu-mi fnr- 
mally broached hy tUH' td them hid«»re flu* ‘’Orieiu td 
Species*’ appeared. 

With the masH of materiulH ftiruiuhrd hv the pliyBiiunt 
and phyBiologiat in bin handn, Mr. Ucibmi Spennn*, twenty 
years ago, sought to graft upon thi.s hmd.H u MiHltuu td pHy- 
chology; and two years agti a mnumd ami greatly ampli- 
fied edition of his work appeared. Those wh‘» have tieeu- 
piod themsolvcB with tliO beautiful t^\|»eriment,^ td I’laitmu 
will reniomhcr that wlum two spherides «d nine tub ^tis- 
pondod in a mixture of ale.ohol and water td tin' mtm 
density as tlie oil, are brought tt»gt'thtu% tlun* tlf> md im- 
mediately uttito* Something likti a ptdliide uppnir.H in be 
formed around the drops, the rtipture «d wlutdi inume 
diately followed by the coaIcBccuce td the gUdtulcB into 


THE BELFAST ABDBESS 


196 


one. There are organisms whose vital actions are almost 
as purely physical as the coalescence of such drops of oiL 
They come into contact and fuse themselves thus together. 
I'rom such organisms to others a shade higher, from these 
to others a shade higher still, and on through an ever- 
ascending series, Mr. Spencer conducts his argument. 
There are two obvious faotora to be here taken into ac- 
count — the creature and the medium in which it lives, or, 
as it is often expressed, the organism and its environment. 
Mr. Spencer’s fundamental principle is, that between these 
two factors there is incessant interaction. The organism 
is played upon by the environment, and is modified to 
meet the requirements of the environment. Life he de- 
fines to. be “a continuous adjustment of internal relations 
to extei-nal relations.” 

In the lowest organisms we have a kind of taoftual 
sense dilTused over the entire bodyj then, through im- 
pressions from without and their corresponding adjast- 
ments, special portions of the surface become more re- 
S{)on8ive to stimuli than others. The senses are nascent, 
the basis of all of them being that Bim])lo tactual aernse 
which the sage Democritus recognized 2,800 years ago as 
their common progenitor. The action of light, in the first 
instance, appears to be a mere disturbance of the ohemioal 
processes in the animal mganism, similar to that which 
ocoura in the leaves of plents. By degrees the action be- 
comes localized in a few pigment-cells, more sensitive to 
light than the surrounding tissue. The eye is incipient 
At first it is merely capable of revealing differences of 
light and shade produced hy bodies close at hand. B’ol- 
lowed, as the interception of the light commonly is, 
the contact of the closely adjacent opaque body, B%ht in 
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this condition becomes a kind of “anticipatory ttuicU.” 
The adjustment continuos; a slight bulging out of the 
epidermis over the pigment-gmnuksa auporvenes. A Icnft 
is incipient, and, through the operation of inlinito adjust- 
ments, at length roach os the {H!rfuctii>u that it tlisphiys in 
the hawk and oaglo. So (tf tho other wnises; they are 
spooial dilTorontiations of a tissue which was originally 
vaguely Bonsitivo all over. 

With tho dovolopniont of tho Bouses, the atljustiucnts 
botwoen the organism and its environmetit gradually ex- 
tend in apace, a multiplication (»{ experiences ami a eorre- 
spending modillcatioii of comhutt being the result. 'I'liu 
adjustmenls also oxteml in ihnr, ei>vering cunliimally 
greater iutorvals. Along with this exUujsion in space 
and time tlm adjustments also increase in sjiecialily and 
complexity, passing through the varituis gnulos of brute 
life, and ])rolonging tlunnselves into tho thmiuin i>f rea- 
son. Very striking are Mr. Spencer's remarks regarding 
tho influence of the senst^ of touch upon the dovdopment 
of intolUgoTU', 0 . This is, so to say, the mother-longue f»f 
all the sensos, into which they must he translnknl to he 
of service to tho organism. lienee ito imporlaneo. Tho 
parrot is the most itiUdligont of birds, and its Umlual 
power is also greatest. From this mnm it gets knowl- 
odgo, unnttoinablo by birds wbioU cannot employ ibeir 
feet as bands. The elephant is tho most sagacious of 
quadrupods — its tactual range and skill, and the cmiisc- 
quont multiplication of ©xporioncoB, wlucli it owes to ite 
wonderfully adaptable trunk, being the basis of its sagac- 
ity. Feline animals, for a similar cause, are more saga- 
cious than hoofed animals — atonement being to Bomc ex- 
tent made, in the case of the horse, by the possession of 
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sensitive prehensile lips. In the Primates the evolution 
of intellect and the evolution of tactual appendages go 
hand in hand. In the most intelligent anthropoid apes 
■we find the tactual range and delicacy greatly augmented, 
new avenues of knowledge being thus opened to the ani- 
mal. Man crowns the edifice here, not only in virtue of 
his own manipulatory power, but through the enormous 
extension of his range of experience, by the invention of 
instruments of precision, which serve as supplemental 
senses and supplemental limbs. The reciprocal action 
of these is finely described and illustrated. That chas- 
tened intellectual emotion to which I have referred in con- 
nection with Mr. Darwin is not absent in Mr. Spencer. 
His illustrations possess at times exceeding vividness and 
force; and from his stylo on such occasions it is to be 
inferred that the ganglia of this Apostle of the Under- 
standing are sometimes the seat of a nascent poetic thrill 
It is a fact of supreme importance that actions, the 
performance of which at first requires even painful effort 
and deliberation, may, by habit, be rendered automatic. 
’Witness the slow learning of its letters by a child, and 
the subsequent facility of reading in a man, when each 
group of letters which forma a word is instantly, and with- 
out effort, fused to a single perception. Instance the bil- 
liard-player, whose muscles of hand and eye, when he 
reaches the perfection of his art, are unconsciously co- 
ordinated. Instance the musician who, by practice, is 
enabled to fuse a multitude of arrangements, auditory, 
tactual, and muHOular, into a process of automatic manipu- 
lation. Combining such facts with the doctrine of heredi- 
tary transmission, we reach a theory of Instinct. A chick, 
after coming out of the egg, balances itself correctly, runs 
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about, picks up food, tlum HlKUving that it poBHesHcfi « 
power of directing its movonumtH to iUliniic iuidn, llovf 
did the cluck learn thin very ^nmpl<^x fn^nlinatiou o{ 
eyes, muaclos, and beak? It hus not Uet'n individually 
taught; its personal exporienco in nil; hut it hnn the ben- 
efit of anooBtral oxporiemun In its inlundted urgunization 
are rogistored tlio powum which it tliHjduvH at birfla So 
also as regards the iimtiuct of the hivedan^ ulrtuidy re- 
ferred to. The distance at which tlu^ iunertB ntand ujuirt 
whou they swoop thoir hentisplu^rcH and Iniild tludr cells 
is ‘‘organically reinombt'nnl/* Man hIhu currit'.H with hhn 
tho physical toxtnn^ of Ids uitcrstry, as well nn tlic in- 
lioiitod intollcc.t bountl np with it. dMic tlofc«MH uf intclH- 
gonco during infaiu*,/ uud ymith arc prrtbjtbly due to 
a lack of individual cxpcniuicc than !m tUn fuiU that in 
early life tlui oendjral organizaiinn is still in«'oni|dc(t\ ddte 
period noeoHsary for cotuplcilon varifs with the racr, and 
with tho individuab As a nnnul slrot outHtrips tlu^ riih*d 
bolt on quitting tlic luux/dtMjf tlu^ gtm, th«' lowt^r rarr, 
in ohildhood, may outstrip the higher. But tiu* higher 
eventually ovortakoH tho lower, uinl surpus.Mes it in range. 
As regards iudividualH, wc do uia alwavs ihnl the pre- 
cocity of youth prolonged to nuniUd puwer in luaturity; 
while tlic dulucBH of boyluHni is Houuqimea nirikuigly con- 
trasted with tho intolloctnal energy (»f aftt^ yeurs, Nc*w- 
ton, when a boy, was weakly, and lie Hliovved no purlieu- 
lar aptitude at school; but in bis eightiumtli year bo went 
to Cambridge, and soon afterward aHltuuHtunl bin teneherH 
by his power of dotding with get>mctrieal prubhuus. Dur- 
ing his quiet youth his brain wits slowly propuriitg iinrlf 
to be the organ of those energies whiuli he subHoquently 
displayed. 



By myriad blows (to use a Liioretian phrase) the image 
ad superscription of the external world are stamped as 
}ates of consciousness upon the organism, the depth of 
le impression depending on the number of the blows, 
t^hen two or more phenomena occur in the environment 
ivariably together, they are stamped to the same depth 
r to the same relief, and indissolubly connected. And 
ore we come to the threshold of a great question. Seo- 
ig that he could in no way rid liimsolf of tlio conscioixs- 
ess of Space and Time, Kant assumed them to be ncc- 
3sary ‘‘forms of intuition,’^ the molds and shapos into 
hich our intuitions are thrown bedonging to oiirsclves, 
ud without objective existence. With unexpected power 
nd success, Mr. Spencer brings tlio Iicroclitary experience 
icory, as ho holds it, to boar upon this question. “If 
lore exist certain oxtornal relations which are experienced 
y all organisms at all instants of their waking livaa — ra- 
itions which are absolutely constant and universal — there 
'ill be established answering internal relations that are 
bsolutoly constant and univerBal. Smdi relations wo 
avo in tlioso of Space and Time. As the substrutuni 
E all other relations oE the Non-ego, they must bo re- 
ponded to by conceptions that are the substrata of all 
ther relations in the Ego. Being the conatant and iufi- 
itely repeated elements of thought, they tuiist become the 
utomatic elotnonts of thought— the elements of thought 
duch it is irnpoBsiblo to get rid of — the ‘forms of intui* 
on.’ “ 

Throughout this application and extension of Tlarth^y’s 
nd Mill’s “Law of Inscpurabla Association,” Mr. Speu(a»r 
tands upon his own ground, invoking, instead of tlio ox- 
arienoes of the individual, the registered experieucoB of 
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the race. His overthrow of the roHlriotiuii of exporionoe 
to tho iadividtial is, I think, ooinjtletii. That roKtriction 
ignores the power of organizing (vxpt'riencu), funiiHhed at 
the outset to oaoh individual; it igimrcH tho tlifT«*rout de* 
grees of this power poHsesaed by dilfi-ront nicos, und by 
different individnals of tho same rnoo. Wore thuro not 
in tho human brain a potonoy antooodont. to nil oxjn'ri* 
enco, a dog or a cat ought to be as capable of etlu<‘ation 
as a man. These predetermined internal rclnliuim am in- 
dependent of tho exporienees of tho individual. The 
human brain is tho “organized mgiator of inlhiiudy nu- 
merous oxperionecH mcinved during tho ovidution of life, 
or rather during tins ovidutioii of that sorb's of orgunismB 
through which tho human organiam has boon roaohod. 
The effects of the most uniform and froipiont of those 
expcrienocH have hoen HUCoosHivoly boipioatln'il, principal 
and intorost, and have slowly mounted to that high intel* 
ligonoe which lies latent iu tho brain of the infant. Tima 
it happens tliat the Kuropi'an inhorits from twenty U> 
thirty cubic ineboa more of hrain than tho I’apnan. I’hus 
it happens that faculties, as of music, which scarcely oxist 
in some inferior raooa, become cougmiital lu superior omm. 
Thus it happens that out of savages uiuiblo to count up 
to the number of tboir Angers, and speaking a language 
containing only nouns and verbs, arise at length our New- 
tons and Shakoapeares.” 

§8 

At the outset of this Address it was stated that phys- 
ical theories which lie beyond experience am derived by 
a process of abstraction from experience. It is instructive 
to note from this point of view the euweseive intro<luction 
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f new conceptions. The idea of the attraction of gravita- 
Lon was preceded by the observation of the attraction of 
ron by a magnet, and of light bodies by rubbed amber, 
'he polarity of magnetism and electricity also appealed to 
be senses. It thus became the substratum of the concep- 
Lon that atoms and molecules are endowed with attractive 
nd repellent poles, by the play of which definite forms 
f crystalline architecture are produced. Thus molecular 
orce becomes sivuctuTal,^ It req^uired no great boldness 
f thought to extend its play into organic nature, and to 
ecognize in molecular force the agency by which both 
dants and animals are built up. In this way, out of ex- 
lerience arise conceptions which are whoUy ultra-experi- 
ntial. None of the atomists of antiquity had any notion 
>f this play of molecular polar force, but they had experi- 
nee of gravity, as manifested by falling bodies. Abstract- 
Qg from this, they permitted their atoms to faU eternally 
hrough empty space. Democritus assumed that the larger 
toms moved more rapidly than the smaller ones, which 
hey therefore could overtake, and with which they could 
;ombine. Epicurus, holding that empty space could offer 
Lo resistance to motion, ascribed to all the atoms the same 
'■elocity; but he seems to have overlooked the conse- 
[uence that .under such circumstances the atoms could 
Lever combine. Lucretius cut the knot by quitting the 
Lomain of physics altogether, and causing the atoms to 
nove together by a kind of volition. 

Was the instinct utterly at fault which caused Lucre- 
ius thus to swerve from his own principles? Diminish- 
ng gradually the number of progenitors, Mr. Darwin 


* See Art. ou Matter and Force, or “Lectures on Light,” No. III. 


oomoa at leugtb to one “jiriittordift! form”; l»ut lio do«8 
not Hay, ho far aa I romombor, how ho MupjuwjH thm form 
to have been introdueod Uw t|Uot«a with Hjitinfaution the 
■words of a oelebratod auUior and diviiio whi> Imd “gratb 
■ually learned U) »eo that it whh just m uidilo a ooucuption 
of the Deity to iMtliove IU> tiroHUnl a few original fortius, 
ca)»il)lo of Bidf-diivelojiuioiit iut«> oUior and tioodful forms, 
aH to holiovo lie rciptirod a froah aol of I’roatiou to «U|tply 
the voidH cauaod by the aethm of llm Inwa.” Wlmt Mr. 
Darwin thinka of thm view of the introduetmij of lifo I 
do not kno'W. But the uulhr«tjn>im»rjduam, 'whioh it 
seemed hits object to wel aaido, ia iw llrtnly aanoi-ialed 
■with the creation of a few forma ms with the ereatioa 
ol a multitude. Wo mnsd elearneisa lunl tln>ronghni!is8 
hero. Two oourHca ami two only are {HifiHible. Kitlior lot 
us open our doorw freely to the ooneeptimi of ereativo 
acts, or ahandoniag tlunn, let u« radieally eUuuKo our no« 
tiouB of Matter. If wo haik at iiinlU'r m pieturod by 
DomoeritUH, and as defhiod for genenitiomi in our auicn- 
tide text-booka, tbe notion of eoimeimia life eomiiig out 
of it o&nuot be formed by the mind, 'rim argument 
placed in the mouth of Bishop Butler HutlU'ea, in my 
opinion, to crush all «uoh mamrialisui as tlu«. 'I'luwo, 
however, who framed these dollnitious of mutU-r were iiut 
partial studenta They were not Inologmts, Imt nuilliema* 
ticians, whose labors referred only to suuh aeeiilenla and 
properties of matter as could Im expressed in their for- 
mulffl. Their science was lueoUaniiud sciinme, not the 
science of lifo. With matter in its wholmmss tlmy never 
dealt; and, denuded hy their imperfect dellnitions, “the 
gentle mother of all” became the oViject of her ehildrcn's 
dread. Let us reverently, but honestly, look the tpmstion 
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in the face. Divorced from matter, where is life ? What- 
ever om: faith may say, onr hnowledge shows them to be indis- 
solubly joined. Every meal we eat, and every cup we drink, 
illustrates the mysterious control of Mind by Matter. 

On tracing the line of life backward, we see it ap- 
proaching more and more to what we call the purely 
physical condition. We come at length to those organ- 
isms which I have compared to drops of oil suspended 
in a mixture of alcohol and water. We reach the pro- 
iogenes of Haeckel, in which we have “a type distinguish- 
able from a fragment of albumen only by its finely granu- 
lar character,” Can we pause here? We break a magnet, 
and find two poles in each of its fragments. We continue 
the process of breaking; but, however small the parts, 
each carries with it, though enfeebled, the polarity of the 
whole. And when we can break no longer, we prolong 
the intellectual vision to the polar molecules. Are we not 
urged to do something similar in the base of life? Is 
there not a temptation to close to some extent with Lu- 
cretius, when he affirms that ‘‘Nature is seen to do all 
things spontaneously of herself without the meddhng of 
the gods?” or with Bruno, when he declares that Matter 
is not “that mere empty capacity which philosophers have 
pictured her to be, but the universal mother who brings 
forth all things as the fruit of her own womb?” Believ- 
ing, as I do, in the continuity of nature, I cannot stop 
abruptly where our microscopes cease to be of use. Here 
the vision of the mind authoritatively supplements the 
vision of the eye. By a necessity engendered and justi- 
fied by science I cross the boundary of the experimental 
evidence,* and discern in that Matter which we, in our 


1 This mod© of proceduro was not invented in Belfast. 
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ignorance of its latent powers, and notwitlistanding our 
professed reverence for its Creator, have hitlierto covered 
with opprobrium, the promise and potenoy of all terres- 
trial Life. 

If you ask me whether there exists the least ovidonoe 
to prove that any form of life can bo developed o\it of 
matter, without demonstrable antooodont life, my reply 
is that evidence considered perfectly oonolusive by many 
has been adduced; and that were some of us who have 
pondered this question to follow a very oouunon example, 
and accept testimony because it falls in with our belief, 
we also should eagerly close with the evidonco roforred 
to. But there is in the true man of Boicnoo a desire 
stronger than the wish to have his beliefs uphold; namely, 
the desire to have them true. And this strougor wish 
causes him to reject the most plausible support, if bo has 
reason to suspect that it is vitiated by error. Those to 
whom I refer as having studied this qtieslion, believing 
the evidence offered in favor of "BjKJutanoous generation'’ 
to be thus vitiated, cannot accept it. They know full well 
that the chemist now prepares frotn inorganic matter a 
vast array of substances, which werti some titno ago re- 
garded as the sole products of vitality. They arc inti- 
mately acquainted with the structural power of matter, as 
evidenced in the phenomena of orystallination. They can 
justify soientifloally their hdi^ in its potency, under the 
proper conditions, to produce organisraB. But, in reply 
to your questions, they will frankly admit their inability 
to point to any satisfactory experimental proof that life 
can. be developed, save from demonstrable anteoedont life. 
As already indicated, they draw the line from the highest 
organisms through lower ones down to the lowest; and 
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it is tlie prolongation of this line hy the intellect, beyond 
the range of the senses, that leads them to the conclusion 
which Bruno so boldly enunciated.* 

The “materialism" here professed may be vastly differ- 
ent from what you suppose, and I therefore crave your 
gracious patience to the end. “The question of an ex- 
ternal world,” says J. S. Mill, “is the great battleground 
of metaphysics."* Mr. Mill himself reduces external 
phenomena to “possibilities of sensation.” Kant, as we 
have seen, made time and space “forms" of our own 
intuitions. Fichte, having first by the inexorable logic 
of- his understanding proved himself to be a more link in 
that chain of eternal causation which holds so rigidly in 
nature, violently broke the chain by making nature, and 
all that it inherits, an apparition of the mind.’ And it 
is by no moans easy to combat such notions. For when 
I say “I see you,” and that there is not the least doubt 
about it, the obvious reply is, that what I am really con- 
scious of is an affection of^my own retina. And if I urge 
that my sight can be chocked by touching you, the retort 
would bo that I am equally transgressing the limits of 
fact; for what I am really cotiscious of is, not that you 
are there, but that the norves of my hand have undergone 
a change. All we hear, and see, and touch, and taste, 
and smell, are, it would be urged, mere variations of our 
own condition, beyond which, even to the extent of a 
hair-breadth, wo cannot go. That anything answering to 
our impressions exists outside of ourselves is not a face, 
but an inference, to which all validity would be denied by 

* Bruno wfia u “Paiitlidst,” notan “Atheist” ora “MaterlaliMU** 

• “IlSxamlnallou of Hamilton,” p. 164* 

« “Beatlmmung d©8 Mouschan,” 
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an idealist like Berkeley, or by a set'ptie like Iltuue. Mr. 
Spencer takes another Una. With him, m witli tlm mx* 
educated man, there is no doubt or qtmstion m to the 
existence of an external world. Btit he dilTrrn from the 
unodneatod, who think that tlio world roully h what con- 
sciousnoss roprosouts it to bo. Otir statcH <Hnm(doua- 
ness arc more s^rnboLH o£ an outauU' mitiiy which produces 
thorn and dotonuiucs tlm order of their Huem'SHton, but tlio 
real nature of which wo can never kmm.* In fact, the 
whole process of evolution is the nmnifeshiti<in of u Powt^r 
absolutely itiscrutable to the intellec't cjf man. Ah little 
in our day as in the duys of Jtd» euu lunn by Hcurtdiiug 
find this Power out. OousidtU’ed fundnmciitnny, tlum, it 
is hy the operation of an iuHcdubUi niysun'y that lift^ 
earth is evolved, speeies diiTerentiated, and mind unbdded, 
from their prepotent elements in tlie imtneuH\irabU^ punt. 

QMio Htrength of the d(H*trnie of Kvohition etjuninm, not 
in an cxpcrimoufiil denun^Htratitm (hir llu' stibjort in hardly 
accessible to this mode of proof), but in its geticml har- 
mony with Bcientifio thought. Frtmi ecmtraHt, iuorc(»ver, 
it deiivcs enormous relative cogency. On the om^ sido 


* In a paper, at once popular and profound, otUlUtHl in 

Theory of ViHion,** conlaluod In Urn vuluum uf Iwturt^ hy iUdmhuU^., puh- 
lishod by Longmans, this symbolism of our stalw of eoimHotmawti k akt> dwolt 
upon. Tho improssious of iouso aro the nmro mtfm of pxu>rimi ailiigfi. la ihk 
papor Holmholtss contends strongly agnlimt Urn view Umt tho etiaiarlouMaaMH of 
space is Inborn; and he evidently duubU the |K>wep of the cltbk t4i plek up 
grains oi corn without prollmlnary l^otw, On this {Hdnl, ho ftirlher 
oxporlmontfl are needed. Sueli oxj>©rlmonts have lunm mwu mado hy Mr. 
Spalding, aided, I bollovo, in some of his ob»orvalion« hy tho ao«*ojoplkhtHi and 
doe^y lamented Lady Araberly; and they soom to prove tHJuohmlvoly that dm 
chick does not need a Blugle momontk tuition to ermbb It u> Miand, run, govstrn 
the musdes of Its eyes, and poofc, Holmholte, however, la eoniondltig agalimt 
the notion of pro-ostabllshod liamony ; and I am not awam of his vkiwa m to 
the organization of eseporienoos of race or breed. 
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we have a theory (if it could with any propriety be so 
called) derived, as were the theories referred to at the 
beginning of this Address, not from the study of nature, 
but from the observation of men — a theory which converts 
the Power whose garment is seen in the visible universe 
into an Artificer, fashioned after the human model, and 
acting by broken efforts as man is seen to act. On the 
other side we have the conception that all we see around 
us, and all we feel within us — the phenomena of physical 
nature as well as those of the human mind — have their 
unsearchable roots in a oosmioal life, if I daro ap])ly the 
term, an infinitesimal span of which is offered to the in- 
vestigation of man. And even this span is only knowable 
in part. We can trace the development of a nervous sys- 
tem, and correlate with it the parallel phenomena of sensa- 
tion and thought. We see with undoubting certainty that 
they go hand in hand. But we try to soar in a vacuum 
the moment we seek to comprehend the connection be- 
tween them. An Archimedean fulcrum is here required 
which the human mind cannot command; and the effort 
to solve the problem — to borrow a oornpaiuson from an 
illustrious friend of mine — is like that of a man trying 
to lift' himself by his own waistband. All that has been 
said in this discourse is to he taken in connection with 
this fundamental truth. When “nascent scnsos" aws 
spoken of, when “the differentiation of a tissue at first 
vaguely sensitive all over” is spoken of, and when these 
poBBOssions and processes are associated with “the modi- 
fication of an organism by its environment,” the same 
parallelism, without contact, or even approach to contact, 
is implied. Man the olject is separated by an impasaaVfie 
gulf from man the aubjeol. There is no motor energy in 
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the human intellect to carry it, without h%iml rupture, 
from, tlu) one to the other, 

§9 

The doctrine of Evolution (Icrivm man, in lha Vitality, 
from the iulcructioti <^f orguniam and tmvirunmtmt thremgh 
couutloHH agcH pant, Tlui Human UmlcratumUng, fur cx* 
ainjilo— that faculty which Mr, Hpencer han turuml hu hUxU 
fully round upon ita own ia n result al 

tho play botweoii organ’mm nml imviruiunpiii thruugh cua- 
mio ranges of time. Never, nurcly, ili«l pn%Hfnptiun plead 
BO irresistible a chuiu. lUii then it cuiura pann tluit, 
over and above his understanding, thtu-e are unuiy tUhiT 
tlungB appertaining to man, whose preseriptivt^ rights are 
quite as strong m tlumc td tlie tindersluntisng itself. U is 
aroBiilt, for exnnqile, of the play ef organism uud onvinm- 
mont that sugar is sweiU, and llint itlueH are iuH*‘r: that 
the smell of luudianc difTers from the perfume tif n mae. 
Such facts of eonscioustu'HH (for wliieh* by the way, lu) 
adequate reason 1ms ever been rendered) are quile an old 
as the undorstanding; and many other things emu boast 
an equally ancient origin. Mr. Spetteer at one pluet^ refers 
to that most powerful of passions the lumUm'y pussiun - 
as one which, when it first oecurs, is ant4‘e!nbmt to all 
relative exporionca whaUwar; ami we may pn^ss its elaim 
as being at least as ancient, and as vidid, as tlmt tho 
undersold ing itself. Then there are studi things wovtm 
into the texture of man as tho feeling td Awe, Keveroneo, 
Wonder— and not alone the sexual love jttst nderrinl to, 
hut the love of the beautiful, physical, and nmral, in Nat- 
ure, Poetry, and Art There is also that itnep set fimling, 
■which, since the earliest dawn of history, and probiibly 
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for ages prior to all history, incorporated itself in the Ee- 
ligions of the world. You, who have escaped from these 
religions into the high- and- dry light of the intellect, may 
deride them; but in so doing you deride accidents of form 
merely, and fail to touch the immovable basis of the 
religious sentiment in the nature of man. To yield this 
sentiment reasonable satisfaction is the problem of prob- 
lems at the present hour. And grotesque in relation to 
scientific culture as many of the religions of the world 
have been and are — dangerous, nay, destructive, to the 
dearest privileges of freemen as some of them undoubtedly 
have been, and would, if they could, be again — it will be 
wise to recognize them as the forms of a force, mischievous 
if permitted to intrude on the region of objective Tcnowlr 
edge^ over which it holds no command, but capable of 
adding, in the region of 'poetry and emotion., inward com- 
pleteness and dignity to man. 

Feeling, I say again, dates from as pld an origin and 
as high a source as intelligence, and it equally demands 
its range of play. The wise teacher of humanity wil\ 
recognize the necessity of meeting this demand, rather 
than of resisting it on account of errors and absurdities 
of form. What we should resist, at all hazards, is the 
attempt made in the past, and now repeated, to found 
upon this elemental bias of man’s nature a system which 
should exercise despotic sway over his intellect. I have 
no fear of such a consummation. Science has already to 
some - extent leavened the world; it will leaven it more 
and more. I should look upon the mild light of science 
breaking in upon the minds of the youth of Ireland, and 
strengthening gradually to the perfect day, as a surer 
check to any intellectual or spiritual tyranny which may 
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threaten this island, than the laws oi imncnR or tho swords 
of emperors. Wo fought and won our hatth' ovou in the 
Middle Agos: should wo douht iho msut' of unoihor con- 
flict with our broken fiH)? 

The imprognahlo posititni of Hcicucc may be tlcacribod 
in a few words. Wo claim, and we nhull wrent fnmi the- 
ology, the entire domain of oiwimdugioul Ihottry, All 
Bohomos and Hystoms which thus infringo ujxm the do- 
main of Hcionco must, in so fiU" as tlioy do this, suhmit 
to its control, and rtdimiuish all thmighl of ftmiridling it. 
Acting otherwise provoil always disastrous in llic> past, 
and it is simply fatuous Ui-day. Kvt-ry system which 
would OHoapo iho fnto of an organism Uh* rig'id to adjust 
itself to its cuviroiumml, must bo plastio n* tlu' oxu-nl 
that the growth of kiu»wlodgo domatids. Whon this trutli 
has boon thoroughly bikon in, rigidity wdl bo rolusod, 
oxcduaiveiiesM diminislK'tl, things now doomod ossoiuml will 
bo dropped, and ehmionls now n-jooUal will bo assimi. 
lated. The lifting of the life is tin* ossontial point; and 
as long as dogmatism, fanatioism, and intoloranoo are k<’pt 
out, various modes of lovorago may bo employotl to raise 
life to a higher level. 

Soienoo itself not infrotjuontly tlorlvos motive jwiwor 
from an ultra-soiontille sonroe. Hoim* of its groatimt clis- 
coverioB have boon made under the stimulus of a mm- 
Bciontiflo ideal. This wim the ease among Urn amuonts, 
and it has boon ho aiming ourselves. Mayor, Joule, luul 
Oolding, whoso names aro assoeiated with the gn-nti'Kl of 
modem goneralissations, wore thus inlluomsod. With his 
usual insight, Lange at one place remarks that "it is not 
always the objeotivoly correct ami mUdligible that liolps 
man most, or leads most quickly to the fullost and trm'st 
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knowledge. As the sliding body upon the brachysto- 
chrone reaches its end sooner than by the straighter road 
of the inclined plane, so, through the swing of the ideal, 
we often arrive at the naked truth more rapidly than by 
the processes of the understanding.” Whewell speaks of 
enthusiasm of temper as a hinderance to science; but he 
means the enthusiasm of weak heads. There is a strong 
and resolute enthusiasm in which science finds an ally; 
and it is to the lowering of this fire, rather than to the 
diminution of intellectual insight, that the lessening pro- 
ductiveness of men of science, in their mature years, is 
to be ascribed. Mr. Buckle sought to detach intellectual 
achievement from moral force. He gravely erred, for 
without moral force to whip it into action, the achieve- 
ment of the intellect would be poor indeed. 

It has been said by its opponents that science divorces 
itself from literature ; but the statement, like so many oth- 
ers, arises from lack of knowledge. A glance at the less 
technical writings of its leaders — of its Helmholtz, its 
Huxley, and its Du Bois-Eeymond — would show what 
breadth of literary culture they command. Where among 
modern writers can you find their superiors in clearness 
and vigor of literary style ? Science desires not isolation, 
but freely combines with every effort toward the bettering 
of man’s estate. Single-handed,- and supported, not by 
outward sympathy, but by inward force, it has built at 
least one great wing of the many-mansioned home which 
man in his totality demands. And if rough walls and 
protruding rafter- ends indicate that on one side the edi- 
fice is still incomplete, it is only by wise combination of 
the parts required, with those already irrevocably built, 
that we can hope for completeness. There is no neces- 
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Bary incongruity between wlint Iirh bt^ni HooompliBhod and 
what rornaina to be done. The moral glow of Hoomtea, 
which wo all feed by ignition, haa in it imlhing incompati- 
ble with the phyaicB of Anaxagoras whitdi he ao much 
Boomed, but which ho would hanlly m»rn to-day. And 
hero I am reminded of one ainmig u«, h«»ary, but Btill 
strong, whoso prophet-voice siunn thirty years ago, far 
more than any other of this age, unhs'-ketl whatever of 
life and ntiblenoBS lay labuit in its immt gifteti minds-- 
one lit to Btand boHido Soerates or the Mnei’ubean Fdeaxar, 
and to dare and BufTor all that they stifTen-d and dared-— 
fit, as ho onoe said of Fiehle, "to have been tho teacher 
of the Stoa, and to have discoursed of Beoiuty an<l Virtue 
in the groves of Aea<leme.’' With a enpaeity to grasp 
physical principles which his friend (Irn'llm <litl not jkih- 
aesfl, and which even tobd Iwk of exercise has not been 
able to rodiuso to atrophy, it is the world’s hiss that he, 
in the vigor of hia yeara, did not open his nnnd atid sym- 
pathies to Boionoe, and make its atmeUmionK a juirtitin of 
his message to mankind. Marvellously endowed ns ho 
was — equally equipped on the side of the Heart and of 
the Understanding — be might have done much toward 
teaching us how to reconcile the claims of lK)th, and to 
enable them in coming times to dwell tegether, in unity 
of spirit and in the bond of peace. 

And now the end is oome. With more time, or 
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a day; and as regards you, I thought you ought to 
)-w the environment -which, with or without your oon- 
t, is rapidly surrounding you, and in relation to which 
le adjustment on your part may be necessary. A hint 
Hamlet’s, however, teaches us how the troubles of com- 
a life may be ended; and it is perfectly possible for 
i and me to purchase intellectual peace at the price 
intellectual death. The world is not without refuges of 
\ description; nor is it wanting in persons wlio seek 
ir shelter, and try to persuade others to do the same. 
3 unstable and the weak liavo yielded and will yield to 
! persuasion, and they to whom repose is swootor than 
truth. But I would exhort you to refuse the olforod 
Iter, and to scorn tho base repose — to accept, if the 
ice 1)0 forced ui)on you, coininotion before stagnation, 
brco//y leap of tlio torrent before tho fetid stillness of 
swamp. In the course of this Address I have touched 
debatable questions, and led you over what will be 
med dangerous ground^ — and this partly with tho view 
tolling you that, as regards those (pications, seionco 
ms unrostrictod right of Heard). It ia not to tlio ])oint 
4ay that tho views of Liicrotius and Bruno, of Darwin 
. Spencer, may bo wrong. Hero I should agree with 
L, deeming it indeed certain that those views will un- 
go modifleation. But the point is that, whether right 
wrong, wo claim the right to discuss them. I''or 
mco, however, no cxolusivo claim is here made; you 
not urged to oroct it into an idol. Tho inoxoniblc 
anoo of man’s understanding in tho path of knowl 
e, and those tinquonchablo claims of his nvoral and 
itional nature, whioh tho understanding oui never sat- 
are here equally set forth. Tlio world ombraecs not 
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only a Nowton, but a Bh*ki’8|vc»r<%- uttt only & Boyl«, 
but a liaphael—Hot only a Kant, bnt a lk»«thoven--not 
only u Darwin, but a CaHyU*. Not in oaoh of thoao, but 
in all, is Human nature whole. They are not tipposed, 
but supplementary— not mutually exoluaive, but rmincil- 
able. And if, unHiktisUed with them all, the lumum mind, 
with the yoaniing of a pilgrim ftir hin iliettnnt homo, will 
still turn to the Myatory from whioh it ban emorged, tak- 
ing so to fashion it as k> give unity Ui thought and faith; 
BO long aB thiu is done, m»l «*«ly without inlolomnoe or 
bigotry of any kind, but with th« euliglilened rw'.oguitioift 
that ultimate fixity of oonoopthm i« here unattainahie, and 
that each aueoooiliiig ago must la* hcdd frrw’ to fashion 
the mystery in acconlanoo with ila own needs thon, 
casting aside all the reslriotioua of Materialism, I would 
alhrm this to ho a field for the mddest esrermse of what, 
in contruBt with the knowing faeulties, nmy he ealltnl tlio 
creative faoulliea of man. Here, however, I Unmh a thi'iiie 
too great for me to hamlle, but whioh will awumally be 
handled by the loftieat minds, when you ami I, like 
streaks of morning cloud, »h»U have melted into the 
infinite azure of the past. 
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nature bo tlio really imUuil factor, w« nmy expect uttwv 
ancoH 04 lioU'rog«ncH)u« aa the cbaracU'ra of men. As a 
nuittor of fact wo hava tlio latter; atiggcHting to my mind 
tliat tliQ common religion, profcmnl »ml ib’fciulcil by th^o 
difTerent people, ia merely the aiH-iilenml combiit through 
whicli they jiour their t>wn P'lniw’ra, lofty or low, courte* 
ouH or vulgar, mild t»r fennuoua, iia the cane may ha 
Pure abuHu, however, a« lU'rving no gooil ettd, I have, 
wherever pijaatble, deliberately avcntled reading, wiahing, 
indeed, to keep, not only hatretl, mulicH’, ntnl uncharita- 
bleness, but even every traeo of irritation, far away from 
my ride of a diseuanion which demauda not only good- 
tamper, but largetuwH, clcarneiw, and mnny-sidedneiia of 
mind, if it is to guide u« to even provianmal aulutiona 
It baa been statml, with many variatitem td note and 
eommoiit, that in tho Addreas a« auhatHpiently published 
by MoHBrn. liongman I have nstracteil opinitma uttered at 
Belfaet. A Boman Clalholie writer is specially strong U|>on 
thia point. Stwtlod by tho tletip ohoms of tlisscnt which 
my “dazaling fallacies" have ovoked, I am now trying to 
retreat. This he will by no menna kderato. "It is too 
late now to seek to hide from tho eyes of mankiml one 
foul blot, one ghastly deformity. Pnifivuscir Tyndall has 
himself told ub how and where Ihia Address of hm was 
composed. It was written among tho glaciera and tho 
solitudes of the Swiss mountains. It was no hasty, hur- 
ried, crude produotion; ita every sentence boro marks of 
thought and care.’’ 

My oxide intends to be Bovere; he is simply just, Ta 
the "seditudes’’ to which ho refers I worked with delib- 
eration, endeavoring even to purify my intellect by dis- 
eiplines similar to those enjoined by his own Obim'b fn* 
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tlie Banctifloation of tlie soul. I tried, moreover, in my 
ponderings to realize not only tlie lawful, but tbe expedi- 
ent; and to permit no fear to act upon ray mind, save 
that of utteiing a single word on which I could not take 
my stand, either in this or in any other world. 

Still my time was so brief, the diffioulties arising from 
my isolated position were so numerous, and' my thought 
and expression so slow, that, in a literary point of view, 
I halted, not only behind the ideal, but behind the pos- 
sible. Hence, after the delivery of the Address, I went 
over it with the desire, not to revoke its principles, hut 
to improve it verbally, and above all to remove any word 
which might give color to the notion of “crudeness, hurry, 
or haste. ' ' 

In connection with the charge of Atheism my oritio 
refers to the Preface to the second issue of the Belfast 
Address: “Ohristian men,’’ I there say, “are proved by 
their writings to have their hours of weakness and of 
doubt, as well as their hours of strength and of convic- 
tion; and men like myself share, in their own way, these 
variations of mood and tense. Were tho religious moods 
of many of my assailants tho only alternative ones, I do 
not know how strong the olaima of the doctrine of ‘Ma- 
terial Atheism’ upon my allegiance might bo. Probably 
they would be very strong. But, as it is, I have noticed 
daring years of self-observation that it is not in hours 
of cloamoHs and vigor that this doctrine commends itself 
to my mind; that in tho presence of stronger and healthier 
thought it ever diasolvos and disappears, as offering uo 
solution of the mystery in which we dwell, and of which 
we form a part. ’’ 

With reference to this honest and reasonable utterance 
SOIBNOK — VI — 10 
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naturo 1)0 tlio really poUmt far, tor, w« n«iy expcHrt utter- 
ances ns lioterogonoouH (wt tho clmmuU'rs of men. As a 
luattor of fact wo liavo tho liitU-r; suggt'sling to uiy mind 
that tlio common religion, jirofoHwnl aial tlffmuUul hy these 
different peajile, is meresly tho aofiiioutal roiiduil through 
which they pour their own U'lnpers, lofty or low, eonrte- 
oiiH or vulgar, mild or fertK-ioua, m tlu? ease may he, 
Pure ahuso, however, as servisig no gooil end, I have, 
wherever possible, dolil>erat«ily avoidml reading, wishing, 
indeed, to keep, not only hatred, nuiliee, and uue.lmrita- 
hleneas, but even every tra<’0 of irritntiem, far away from 
my side of a diseusHton which demamla Jiot only gmal- 
temper, hut largenesH, olearncHa, and nmny-aidwiUiosK of 
mind, if it is to guide uh to even provisional aoUitiona 

It has been statocl, with many variationH of note and 
comment, that in tho Adilreas aa suhsoijurntly published 
hy Messrs. Longman I have rotraeloil opinions utkwed at 
Belfast. A Koman (JatlioUe writer is speoially strong ujton 
this point. Startled by tho dwp ohorus of dissent which 
my “dassaling fallaoieg" have evoked, I am now trying to 
retreat This he will hy no moans tolenite. “It is too 
late now to seek to hide from the eyes of mankind one 
foul blot, one ghastly deformity. Pnifossor Tyndall has 
himself told us how and where this Addroiw of his was 
oompoaed. It was written among tho glaciers and tho 
solitudes of the Swiss mountaina. It was no hasty, hur- 
ried, crude production; its every sentenoo boro marks of 
thought and care." 

My oritio mtends to he sever®; he is simply just In 
the “solitudes” to which he refers I worked with delib- 
eration, endeavoring erven to purify my intolleot by dis- 
eiplines Bumlar to those enjoined hy his own Ohuroh for 
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tlie sanctification of tlie soul. I tried, moreover, in my 
ponderings to realize not only the lawful, but the expedi- 
ent; and to permit no fear to act upon my mind, save 
ttat of uttering a single word on which I could not take 
my stand, either in this or in any other world. 

Still my time was so brief, the difficulties arising from 
my isolated position were so numerous, and* my thought 
and expression so slow, that, in a literary point of view, 
I halted, not only behind the ideal, but behind the pos- 
sible. Hence, after the delivery of the Address, I went 
over it with the desire, not to revoke its principles, but 
to improve it verbally, and above all to remove any word 
which might give color to the notion of “crudeness, hurry, 
or haste. ’ ^ 

In connection with the charge of Atheism my critic 
refers to the Preface to the second issue of the Belfast 
Address : “Christian men,” I there say, “are proved by 
their writings to have their hours of weakness and of 
cloubt, as well as their hours of strength and of convic- 
tion; and men like myself share, in their own way, these 
variations of mood and tense. Were the religious moods 
of many of my assailants the only alternative ones, I do 
not know how strong the claims of the doctrine of 
terial Atheism’ upon my allegiance might be. Probably 
they would be very strong. But, as it is, I have noticed 
during years of self-observation that it is not in hours 
of clearness and vigor that this doctrine commends itself 
to my mind; that in the presence of stronger and healthier 
thought it ever dissolves and disappears, as offering no 
solution of the mystery in which we dwell, and of which 
we form a part,” 

With reference to this honest and reasonable utterance 
Science— YI — 10 
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my censor cxcluiniH, “'riiis is iv omsl roimirkalilo passage. 
Much as wo tlisliko sottstniiug polomios with strctng words, 
wo assort tliat this Ajiology only U'tids to allix with links 
of steel to the namo of 1‘rofoHsor Tyndall tho droad impu- 
tation against wliioli ho stnigglos." 

lloro wo have a very fair oxuuiplo of snliji-ctivo rolig- 
ions vigor. But my (piarnd wiili Hindi fx Inldiion.s i,s Unit 
they do not always ropresont ohji'ctivo faot. No utlmistio 
reasoning can, I hold, diHlodgo roligion from tho human 
heart. Logie annnot doprivo uh of hfo, ami ndigion is life 
to the religious. As an osporionoo of fonHidoiiHinw it is 
beyond tho assaults of logif. But ihu ndigious life is 
often projootod in oxU-rnal forms I use tin* word in its 
widost senso — and this omhodinu'iit of Um ndigious smiti- 
inontwill have to bear tnorw and uioio, as tho world bo- 
conios more onlightomul, tlm strt'.HS of Htdoniiliu tests. We. 
must be oaroful of projecting into e.xternnl natun* that 
which belongs to ourstdves. My erilie eomiiuts this mis- 
take: ho feels, and tJikes delight m feeling, that 1 am 
struggling, and ho obviously experieimes tho most e.x- 
quisito pleasures of "the niusculnr seuHe" in holding mo 
down. His feelings are as real as if his imagination of 
what mine are were equally real. Ihs pie.iure of my 
"struggles" is, however, a more delusion. I do not 
struggle. I do not fear the charge of Atheism; nor 
should I even disavow it, in refereimo to any ileltnilion 
of tho Supremo which ho, or his order, would be likely 
to frame. Jlis "links" and his "steel" and his "dread 
imputations" are, therefore, even more unsulmtantial than 
my "streaks of morning cloud," and they may bo per- 
mitted to vanish together. 
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These minor and more purely personal matters at an 
end, the weightier allegation remains that at Belfast I 
misused my position by quitting the domain of science, 
and making an unjustifiable raid into the domain of the- 
ology. This I fail to see. Laying aside abuse, I hope 
my accusers will consent to reason with me. Is it not 
lawful for a Bcientific man to speculate on the antecedents 
of the solar system? Did Kant, Laplace, and William 
llersohel quit their legitimate spheres, when they pro- 
longed the intellectual vision beyond the boundary of 
experience, and propounded the nebular theory ? Ac- 
cepting that theory as probable, is it not permitted to a 
scientific man to follow up, in idea, the series of changes 
associated with the condensation of the ncbuluo; to pict- 
ure the Bucoeasivo detaclimont of planets and moons, and 
the relation of all of thorn to the sun? If I look upon 
our earth, with its orbital revolution and axial rotation, as 
one small issue of the process which made the solar sys- 
tem what it is, will any theologian deny my right to en- 
tertain and express this theoretic view ? Time was when 
a multitude of theologians would have been found to do 
HO — ^when that arch-enemy of soienco which now vaunts its 
tolerance would have made a speedy end of the man who 
might venture to publish any opinion of the kind. But 
that time, unless the world is caught strangely slumbear- 
ing, is forever past. 

As regards inorganic nature, then, we may traverse, 
without lot or hindoranoe, the whole distance which sepa- 
rates the nebtxla) froni the worlds of to-day. But only a 
few years ago this now conceded ground of science was 
theological ground. I could by no moans regard this as 
the final and sufiioient concession of theology; and, at 



220 


FBAGMEim OF BCIKNVF 

BeHast, I thought it not ouly my right, hut my thity, to 
state that, as regards the orgatiio wurUi, w« must mijoy 
the freedom which wo have alruiidy won in r«igart! u> the 
inorganic. I could not discern tim alinnl of » tillc tloCTl 
which gave any man, or any «l«w» of imm, tlio right to 
open the door of ono of those wt>rlda to the wdentilhi 
searcher and to close tlio otliur against iiim. And I ooii. 
sidered it frankest, wisest, uml in the lung run tiu)st 
conducive to pernianont peace, Ut intlieatt*, without ova- 
sion or reserve, the ground that helotiga to Soienoe, njul 
to which she will assuredly make good her elnim. 

I have been reminded that an eminent predw'essor of 
mine in the Piusidontiiil eliiiir expreasod a totally different 
view of the Cause of things from tlmt omineiBlod hy me. 
In doing so ho transgressed the bounda of ainenee at least 
as much as I did; but nobody mimnl ati tmtery i^ninsl 
him. The freedom ho took I elnim. And hulking nt 
what I must regard as tlie t-xtraYnganoes of the religious 
world; at the very inadoquaUs and fooliah noUoiia eon 
cerning this universe wliich are enUsrUiined by the major- 
ity of our authorized religious Unuihera; at the waste of 
energy on the part of good men over things unworthy, jf 
I may say it without discourtesy, of the nlumtiun of en- 
lightened heathens; the flglit about the fripperies of Hit- 
ualism, and the verbal quibbles of the Athanasian Cri*ed; 
the forcing on the public view of Pontigny Pilgrimages; 
the dating of historic epochs from the definition <»f the 
Immaculate Conception; the proolamation of the Divine 
Glories of the Sacred Heart— standing in tlm raiilat of 
these chimeras, which astound all thinking men, it did 
not appear to me extravagant to claim the public taler- 
ance for an hour and a half, for the statement of more 
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reasonable views — views more in accordance witli tbe veri- 
ties wMcli science bas brought to light, and which many 
weary souls would, I thought, welcome with gratification 
and relief. 

But to come to closer quarters. The expression to 
which the most violent exception has been taken is this: 
‘‘Abandoning all disguise, the confession I feel bound to 
make before you is, that I prolong the vision backward 
across the- boundary of the experimental evidence, and 
discern in that Matter which we, in our ignorance, and 
notwithstanding our professed reverence for its Creator, 
liave hitherto covered with opprobrium, the promise and 
potency of every form and quality of life.” To call it a 
“chorus of dissent,” as my Catholic critic does, is a mild 
way of describing the storm of opprobrium with which this 
statement has been assailed. But the first blast of passion 
Being past, I hope I may again ask my opponents to con- 
sent to reason. First of all, I am blamed for crossing the 
Boundary of the experimental evidence. This, I reply, 
is the habitual action of the scientific mind — at least of 
that portion of it which applies itself to physical investi- 
gation. Our theories of light, heat, magnetism, and elec- 
tricity, all imply the crossing of this boundary. My paper 
on the “Scientific Use of the Imagination,” and my “Lect- 
ures on Light,” illustrate this point in the amplest man- 
ner; and in the Article entitled “Matter and Force” in 
the present volume I have sought, incidentally, to make 
clear, that in physics the experiential incessantly leads to 
the ultra- experiential; that out of experience there always 
grows something finer than mere experience, and that in 
their diflEerent powers of ideal extension consists, for the 
most part; the difference between the great and the medh 
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phenomena lias ever been observed. The assnmptioii of 
suck a power to account for special phenomena, though 
often, made, has always proved a failure. It is opposed 
to the very spirit of science; and I therefore assumed the 
responsibility of holding up, in contrast with it, that method 
of nature which it has been the vocation and triumph of 
science to disclose, and in the application of which we can 
alone hope for further light. Holding, then, that the 
nebulae and the solar system, life included, stand to each 
other in the relation of the germ to the finished organism, 
I reaffirm here, not arrogantly, or defiantly, but without 
a shade of indistinctness, the position laid down at Belfast. 

Hot with the vagueness belonging to the emotions, but 
with the definiteness belonging to the understanding, the 
scientific man has to put to himself these questions regard- 
ing the introduction of life upon the earth. He wiU be 
the last to dogmatize upon the subject, for he knows best 
that certainty is here for the present unattainable. His 
refusal of the creative hypothesis is less an assertion of 
knowledge than a protest against the assumption of knowl- 
edge which must long, if not forever, lie beyond ns, and 
the claim to which is the source of perpetual confusion 
upon earth. With a mind open to conviction he asks his 
opponents to show him an authority for the belief they 
80 strenuously and so fiercely uphold. They can do no 
more than point to the Book of Genesis, or some other 
portion of the Bible, Profoundly interesting, and indeed 
pathetic, to me are those attempts of the opening mind of 
man to appease its hunger for a Cause. But the Book 
of Genesis has no voice in scientific questions. To the 
grasp of geology, which it resisted for a time, it at length 
yielded like potter’s clay; its authority as a system of cos- 



mogony being disenuHted on nil Imiols, by the abandon- 
inont of the obviouH meaning of itn writer, U in a {loom, 
not a sciontido treatise. In the fitrmer nspent it is forever 
beautiful: in tho IntU^r nspoot it has bffii, ninl it will con- 
tinue to be, purely obstmelive and burlftil. 'I'o knawlcdge 
its value has been negative, leinling, in nnigher ages than 
ours, to physical, ami oven in our own "free'' ago to 
moral, vioUmee. 

Ko inoident couneeted with the prtK'.eedings at IleltaHt 
is more instructive than the deptirlnienl of llie (Jalholio 
hieraroUy of Ireland; a body usually 1 «h) wise to eontor 
notoriety upon an adversary by imprudently tbmuuneing 
him, Tho "Times," to which I owe a gn-at deal on the 
Hoore of fair play, where so inue.li has been unfair, thinks 
that tho Irisli Oardinal, Arehbis!n>ps, and Bishops, in a 
rocont manifesto, adroitly (unployed a weapon whitdi I, at 
an unluclcy moment, placed in their luutds. The anUtce- 
dents of thoir action eauso mo U> regard it in n different 
light; and a brief reference to those anieeedents will, I 
think, illuminate not only their prooeedings riiganling Bel- 
fast, but other doings which have boon reeently noised 
abroad. 

Before me lies a document bearing tho date of Novem- 
ber, 1878, which, after appearing for a moment, miacoount- 
ably vanished from publio view. It is a Memorial ad- 
dressed, by Seventy of the Students and I'lx-studcnts of 
the Oatholio University in Ireland, to tho Kpiscopal Board 
of the University; and it oonatitutes the plainest and brav- 
est remonatranoe ever addressed by Irish laymeti to thoir 
spiritual pastors and masters. It expresses the profound- 
est dissatisfaction with the ourrioulum marked out for the 
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lUdonts of tli0 University ; setting forth, the extraordinary 
tot that the lecture-list for the faculty of Science, pub- 
shed a month before they wrote, did not contain the 
ame of a single Professor of the Physical or Natural 
oienoes. 

The memorialists forcibly deprecate this, and dwell 
pon the nocoBsity of education in science: “The distin- 
nisliing mark of this age is its ardor for science. The 
itural sciences have, within the last fifty years, become 
10 chiefost study in the world; they are in our time pur- 
led with an activity unparalleled in the history of man- 
ind. Scarce a year now passes without some discovery 
sing made in those sciences which, as with the touch of 
le magician’s wand, shivers to atoms theories formerly 
aomod umissailablo. It is through the physical and nat- 
ral Hcionoos that th.e fiercest assaults are now made on 
ir religion. No more deadly weapon is used against our 
,ith than the facts incontestably proved by modern re- 
larohes in science.” 

Such Btatornonts must be the reverse of comfortable to 
number of gontlomon who, trained in the pldlosophy 
: Thomas Aquinas, have been accustomed to the unques- 
oning submission of all other sciences to their divine 
lienee of Theology. But this is not all: “One thing 
loms certain,” say the memorialists, viz., “that if chairs 
r the physical and natural sciences be not soon founded 
I the Oatholic University, very many young men will 
ive their Xaitli exposed to dangers which the creation of 
school of science in the University would defend them 
om. For our generation of Irish Catholics are writhing 
ader the sense of their inferiority in science, and are de- 
rrained that such inferiority shall not long continue; and 
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Tliough molded for to 8i» «lnMlirneo unp&rKl. 

leled in any otlier country, e'xofj.t S|«nn, tlin Irish intel- 
lect ia beginning to show sigus indopondptire; deiuand. 
ing a diet more anited to its y«'firs tliaii the jmVmlum of 
the Middle Ages. As for tho roemit matiiffst.) in which 
Pope, Cardinal, Andiliishops, «ml Uiximjw am nniU'd in 
one grand aniiUieina, its cluu'iicU'r and faU' arn sh!i(!i»wtHi 
forth by the Vision of jMcb«c!t!»dinv./.ur rerorded m the 
Book of Daniel. It resembles llio imago, winwe f«>rm was 
terrible, bnt the gold, uiid silver, atid and iron of 

which rested •u])on feet of clnv. And a stone Hitmio the 
feet of ciay; and the iron, and tlie bnife*. ami tlm »ilvcr, 
and the gold, were broken in jdeees together, ami iK-eamo 
like the chafi; of the summer thresh ing dioors, am! the wind 
carried them away. 

Monsignor Capol has recently Kwn giwal emmgh to 
proclaim at once the friimtllinesH of his (Umndi ttiward 
true science, and her right to determine what trim scienco 
is. Let us dwell for a mormmt on ihe jirr>ofs of her seien- 
tide competence. When Halley's onmet npjmsrtnl in l-lhtJ 
it was regarded as the harbinger of OoiPs veiigeaime, the 
dispenser of war, pestilence, and famine, ami by ordiw of 
the Pope the ohuroh bolls of Kurope were rung to scare 
the monster away. An additional daily prayer was added 
to the supplications of the faithful. The cornet in dtio 
time disappeared, and the faithful were eomforUKl by the 
assurance that, as in previous instances relating to tHsliiuMm, 
droughts, and rains, so also as regards thk “nefarious” 
, comet, victory had been vouchsafed to the Church, 

Both Pythagoras and Ooperaious had tanght the helio- 
centric doctrine that the earth revolves round the aun. 
t e exercise of her right to detenuine what true science 
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is, the Churoh, in the Pontificate of Paul V., stepped in, 
and by the mouth of -fche holy Congregation of the Index, 
delivered, on March 5, 1616, the following decree: 

“And whereas it liatli also come to the knowledge of 
the said holy congregation that the false Pythagorean doc- 
trine of the mobility of the earth and the immobility of 
the sun, entirely opposed to Holy Writ, which is taught 
by Hicolas Copernicus, is now published abroad and re- 
ceived by many. In order that this opinion may not 
further spread, to tlie damage of Catholic truth, it is 
ordered that this and. all other books teaching the like 
doctrine be suspended, and by this decree they are all 
respectively suspended, forbidden, and condemned.” 

But why go back to 1456 and 1616? Par be it from 
me to charge bygone sins upon Monsignor Capel, were 
it not for the practices he upholds to-day. The most ap- 
plauded dogmatist and champion of the Jesuits is, I am 
informed, Perrone. ITo less than thirty editions of a work 
of his have been scattered abroad for the healing of the 
nations. His notions of physical astronomy are virtually 
those of 1456. He teaches boldly that “God does not rule 
by universal law • . . that when God orders a given 
planet to stand still He does not detract from any law 
passed by Himself, but orders that planet to move round 
the sun for such and such a time, then to stand still, and 
then again to move, His pleasure may be.’’ Jesuitism 
proscribed Prohschaiumer for questioning its favorite dog- 
ma, that every human soul was created by a direct super- 
natural act of God, and for asserting that man, body and 
soul, came from his parents. This is the system that now 
strives for universal power; it is from it, as Monsignoj 
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Capel graoiouBly uh, that wo atti to Itmru what la 

allowablo in wiouoo, and what is n«tl 

Iti tho face of 8U<'h finite, which Juight bo multiplied 
at will, it requires oxtruordiuary bravery of mitul, or a 
relianoe upon public, ignorance almost n« cxlnumlinnry, 
to make tho cliiinia nuulo by Mousignor OtqHil for his 
Church. 

Boforo mo ia a very rttmarkablo letter mblrcissiHl in 
1875 by tho Bishop of Montpellier to U>e Deium ami I’nv 
fossors of Faculties of MtmljHdlier, in which the writer 
very oloarly lays down the claims of his Olturch. lie Imd 
boon startled by an incideul tJccurring in a c«ntmt of h-e- 
turns on Physiology given by a profeasor, of whose sciem 
tillo capacity there was no doubt, Imt who, it waa all«’gcd, 
rightly or wrongly, had made his eourso tho vehicle of 
materialism. “Jo no mo suis point dotuKS,” says the 
Bisliop, “la misHion qm* je rmuplis an milieu do vous. 
'Porsonno, uu temoignage lie saint Paul, no s'ntlribui' il 
soi-mdmo un pareil honneur; il y faul fltre appelj de Dmu, 
oommo Aaron,’ Kt pourquoi on estdl ainsi? C’esl pafcc 
qua, salon la ludmo ApOtre, nous dovons dire lea tind>iissa« 
dours do Dieu; et il n’ryit paa dsns les usages, pas plus 
qu’il n’est dans la raison et la droit, qu'iui envoyd s’ae* 
orddite lui-mmne. Mais, si j’si rega d'Kn llaut une mis* 
sionj si I’Kglise, au nom de Bieu lai-mfimc, a aouscrit mi's 
■'.ettres de ordanoe, m© sidraitdl de manquer aux instructions 
qu'ell© m'a donndos ot d’entendre, en nn sens diffdront du 
Men, 1© rdle qu’ell© m'a oonfld? 

“Or, Mesgieurs, la sainta EgUg© m eroit invesbe du 
droit abgolu d'eneeigner lea hommog; © 11 © m emit ddposi* 
taire do la rdritd, non pas de la vdritd frsgmentalre, in* 
complete, mdld© d© oerdtude ©t d'iidgitaUon, main do la 
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T^rit^ totale, complete, an point de vue religienx. Bien 
plus, elle est si s^e de Tinfaillibilite que son Fondatenr 
divin lui a communiqude, comme la dot magnifique de 
leur indissoluble alliance, que, meme dans Tordre naturel, 
scientifique ou pbilosopbique, moral ou politique, elle 
n’admet pas qu’un syst^me puisse 6tre soutenu et adopts 
par des cb.r4tiens, s’il contredit k des dogmes definis. Elle 
consid&re que la negation volontaire et opiniatre d’un seul 
point de sa doctrine rend coupable du pdcbd d’b^rdsie; 
et elle pense que toute b^resie formelle, si on ne la rejette 
pas CGurageusement avant de paraitre devant Dieu, entraine 
avec soi la perte certaine de la grace et de Tetemltd.” 

The Bisbop recalls those whom be addresses from tbe 
false philosophy of tbe present to tbe philosophy of tbe 
past, and. foresees tbe triumph of tbe latter. “Avant que 
le dix-neuvi^me si^cle s^acb^ye, la vieille pbilosopbie 
scolastique aura repris sa place dans la juste admiration 
du monde. II lui faudra pourtant bien du temps pour 
gu^rir les maux de tout genre, causes par son indigne 
riyale; et pendant de longues anndes encore, ce nom de 
'philosophies le plus grand de la langue bumaine aprfes celui 
de religions sera suspect aux ames qui se souyiendront de 
la seience impie et matdrialiste de Locke, de Condillac ou 
d’Hely^tius. L’beure actuelle est aux sciences naturelles: 
c’est maintenant I’instrument de combat centre I’Eglise et 
contre toute foi religieuse. bTous ne les redoutons pas..^’ 
Further on tbe Bishop warns bis readers that eyeiytMitg 
can be abused. Poetry is good,, but in excess it may in- 
jure practical conduct. “^Les matb^matiques sont excel- 
lentes: et Bossuet les a loupes ‘comme etant ce qui sert 
le plus 4 la justesse du raisonnement’ ; mais si on s’accoa- 
tume exiclusivement k leur mdtbode, rien de ce qxd appar- 
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tient&rordre moral ne parait pluH pouvoir fitw ddmontrd; 
et fdnolou a pu parlor do I'amirct’UvmeiU ot dcH attraits 
dialoli<pi(i8 do la gdomdtrio." 

The learned Bialiop tlum dually aocontuatt'B the clnimB 
of the Church: “Ooinmo lo ddliniBBait lo Papu l^don X., 
au cinquihmo concilo OQoujudiu(pio do Latran, ‘Lo vrai no 
pout pan dtro contrairo A lui-mdnio; par conut^ijui'iit, toute 
aHsortion contrairo A uno voritd do foi rovoldo twt ndcoa- 
Bairoiuont ot absolumont fautwo.’ II auit <lo la (pio, Bans 
entror dans I'oxamou Bcioiitiflipu) do tollo ou ttdio tpioBtion 
de physiologic, main par la Btndo (fortitude do m)H dogmoH, 
nous pouvons jugor du sort do tollo ou ttdlo hypi»th6B0, 
qui oHt uno maoliiuu do guorro anti-olirdtioimo plutdt (pi’uno 
conqudto soriouBO eur Ion Botu'ola I'l Iob JnyBl^roH do la na- 
tui’o. . . . O’cBt un dogmo (pio riionmio a did formd ot 
fagonnd don uiaitiH do T>iou. Dono il ont faux, liorofniuo, 
contrairo A la dignitd dii Creatour ot olToiiHant pour son 
oho£-d’tt)uvro, do diro (luo I'hoiuiuo eouHtiltu' la Hrptihna 
espAoe des singes . . . TTorosio euo.oro do diro quo lo gonro 
huinain n’est pas sort! d'un soul oouplo, ol qu'on y pout 
compter jusqu’A douM racsos distinotosl” 

Tho course of life upon earth, as far na Soionoo can 
see, has been one of amelioration^ — a steady advanco on 
tho whole from the lower to die higher. Tlio oontijiucd 
effort of animated nature is to improve its condition aiul 
raise itself to a loftier level. In man improvotrumfc and 
amelioration depend largely upon the growth of conscious 
knowledge, by which the errors ot ignorance are ct>ntin- 
ually moulted, and truth is organized. It is the advance 
of knowledge that has given a materialistic color to tho 
philosophy of this age. Materialism is Uiereforo not a 
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thing to be mourned over, but to be honestly considered 
— accepted if it be wholly true, rejected if it be wholly 
false, wisely sifted and turned to account if it embrace a 
mixture of truth and error. Of late years the study of 
the nervous system, and its relation to thought and feel- 
ing, have profoundly occupied inquiring minds. It is our 
duty not to sliirk — it ought rather to be our privilege to 
accept — the ostaiylished results of sxtch inquiries, for here 
assuredly our ultimate weal depends ujton our loyalty to 
the truth. Instructed as to the control which the nervous 
system exercises over man’s moral and intellectual nature, 
wo shall bo better prepared, not only to mend their mani- 
fold defects, but also to strengthen and purify both. Is 
mind degraded by this recognition of its dependence? 
Assuredly not. Matter, on the contrary, is raised to the 
level it ought to occupy, and from which timid ignorance 
would remove it. 

But the light is dawning, and it will become stronger 
as time goes on. Even the Brighton “Church Congress’’ 
ailords evidence of this. From the manifold confusions 
of that asscmbluge my memory has rescued two items, 
which it would fain preserve: the recognition of a relation 
between Health and lioligion, and the address of the Rev. 
Harry Jones. Out of the conflict of vanities his words 
emerge wholesome and strong, because undrugged by dog- 
ma, coming directly from the warm brain of one who 
knows what practical truth moans, and who has faith in 
its vitality and inherent power of propagation. I wonder 
whether ho is loss effectual in his ministry than his more 
embroidered colleagues? It surely behooves our teachers 
tiO come to some definite understanding as to this question, 
of health; to see how, by inattention to it, we are de- 
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Iraudod, negatively and jm«i lively, negatively, by the 
|)rivatiou of that “Bwootmwa and light” which ia the imt* 
ural concomitant of gcMnl health; iMwitively, by the iniwr. 
tu>u into life of oyniciHin, ill-tomjKsr, and a thou«and cor* 
roding anxievtioH whieh goml healUi would diaHijiato, We 
fotir and ncorn ” material irtin.” But he who knew all about 
it, and could apply hi« knowltHlge, might bectjino the 
preacher of a new goapel. Not, however, timnigh the 
ecHUvtio momenta of the individual doea amdi ktiowledge 
come, but through the rovelationa of mnonce, in connection 
Vfith the history of mankind. 

Why should the Bonum Gatlmlic Ohureh call gluttony 
a mortal sin? Why should fnating cwcupy a place in the 
discipliucH of religion? What ia the nieamng of Luther's 
advico to the young clergyman who came to him, {wr> 
plexed with the tliffleulties t>f prmloatimilbm and election, 
if it bo not that, in virtue of its action upon the brain, 
whtiii wisely aitplicd, there is mond and rcUgUuis virtue 
even in a hydre-earlion V To inuj the idd language, food 
and drink are orontiirea of Clod, nntl have thereft»re a 
spiritual value. Through our negleel of the nionititniH of 
aroasonablo materialism wo sin and suffer daily. I might 
hero point to the train of deadly disorders over which 
Bcicnco has given modern aooiety suoh control — diselusing 
the lair of the material enemy, insuring Ida tleatruution, 
and thus preventing that moral BC[ualor and hopelessness 
•wlucli habitually tread on the heels of epidemioa in tlio 
case of the poor. 

Rising to higher spheres, the visions of SwtMionborg, 
and the ecstasy of Plotinus and Porphyry, are phases of 
that psychical condition, obviously oonnected with the 
nervous system and state of health, on which is based 
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ttie Vedic doctrine of tlie absorption of tbe individual 
tbe universal soul. Plotinus tauglit the devout bow 
pa?s into a condition of ecstasy. Porphyry complains 
having been only once united to Grod in eigbty-six 
while his master Plotinus had been so united six 
in sixty years.’ A friend who knew Wordsworth 
forms me that the poet, in some of his moods, was ac- 
^^xstiomed to seize hold of an external object to assure 
Ixirnself of his own bodily existence. As states of con- 
soioxLsness such phenomena have an undisputed reality, 
€txi(3. a substantial identity; but they are connected with 
'hla.o most heterogeneous objective conceptions. The sub- 
jective experiences are similar, because of the similarity 
of fhe underlying organizations. 

IBut for those who wish to look beyond the practical 
fdcts, there will always remain ample room for specula- 
tsion. Take the argument of the Lucretian introduced in 
tilxe Belfast Address. As far as I am aware, not one of 
xxxjr assailants has attempted to answer it. Some of them, 
indeed, rejoice over the ability displayed by Bishop But- 
ler in rolling back the difficulty on his opponent; and 
tstie^^ even imagine that it is the Bishop’s own argument 
•tilial; is there employed. But the raising of a new diffi- 
cixliiy does not abolish — does not even lessen — ^the old one, 
aaxxd the argument of the Lucretian remains untouched by 
axLything the Bishop has said or can say. 

A.nd here it may be permitted me to add a word to an 
J.xn.portant controversy now going on: and which turns on 

* I recommend to tlie reader’s particular attention Dr. Draper’s important 
■worlc entitled, “History of the Condict between Ueligion and Science” (Messrs. 
JBC. B. King & Co,). 
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the question: Po staten *tf rt>nw-i<ui«nt*f«« enter u liukg 
into the chain of antewHletite auil hwjuiukhs which give 
rise to bodily aotionn, and to other »tate« of oonwiouB- 
ness; or are they merely which are not essem- 

tial 'to tho iihysieal yuwvtmm going on in the brain? 
Speaking for myself, it is certain that I have no {xnirer 
of imagining states of oonHcionsiu'ss. interjwsed hetween 
the molecules of the brain, ami inilucnolng the tmt!afe^ 
ence of motion among tho mnlocuhm. Tim thought 
“eludes all mental prcwnitatinn" ; ami honoc tho logic 
seems of iron strength which claiius for tho hriuu an 
automatic action, uninlhn'mnnl by »taU« of aitnsoiousnuHa. 
But it is, I believe, atlinitUHl by tht>i«» who hold the 
automaton-tboovy, that slaUts of eons4*iou«ni»»w are pro- 
duced by the marshalling of tho mtdcciiU’a of tho brain: 
and this production of oonscimmiiosa by tmdccular inotiim 
is to me quite tvs imamceivablo on nunihaniciv! principle 
as the production of molecnlar tnolion V»y oimaciousmm 
If, therefore, I reject ono rt’sult, I must n-jocl both. I, 
however, reject neither, and thus statid in tho prtiHcncc of 
two Incompreliensibles, instead of ono Ineomprohensiblo. 
While acceptiivg fearlessly the faote of materialism dw«dt 
upon in those pages, I bow my Uoad in tho dust before 
that mystery of mind, whioh has hitherto defied its own 
penetrative power, and whioh may ulthnaUdy resolve itself 
into a demonstrable imponsibiUty of Btdf« penetration. 

But the secret is an open emo -tho practical monitioiiB 
are plain enough, which declare that on our dealings with 
matter depend our weal and woe, physitml and mornl. 
The state of mind whioh rebels against the rcoognltion of 
the claims of “materialism” is not unknown to mo. I cun 
remember a time when I regarded my body m a weed, so 
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ich more highly did I prize the conscious strength and 
sasure derived from moral and religious feeling — which, 
may add, was mine without the intervention of dogma, 
le error was not an ignoble one, but this did not save 
from the penalty attached to error. Saner knowledge 
ight me that the body is no weed, and that treated as 
ch it would infallibly avenge itself. Am I personally 
vercd by this change of front? Not so. Give me their 
alth, and tlioro is no spiritual cx])crioncc of those eiu’- 
r years — no resolve of duty, or worlc of mercy, no work 
self-renouncement, no solemnity of tliought, no joy in 
5 life and aspects of nature — that would not still bo 
ne; and this without the least reference or regard to 
y purely personal reward or punislirnent looming in the 
ture. 

And now I liave to utter a “ farewell’ ' free from bitter- 
88 to all my readers; thanking my friends for a sym- 
thy more steadfast, I would fain believe, if less noisy, 
m the antipathy of my foes; and commending to these 
passage from Bishop Butler, which they have either not 
id or failiMl to lay to heart. ‘‘It soems,” saith the 
shop, “that men would bo strangely headstrong and 
,f-willed, and disposed to exert thomselvos with an im- 
buosity which would render sooiety insupportable, and 
^ living in it impracticable, were it not for some ac- 
,ired moderation and solf-govornmcnt, some aptitude 
d readiness in restraining themselves, and concealing 
air senso of things.” 
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THK uns\ JfAMKH HMlTtSUkV \SU THK JIIU.rABT 

P UlOli to tho ««f thfi Fififj Kiliiimi c 

tUwii ‘''FmgtitcniUi*® uiv hml \ivvu tUreck 

by iiiul uhIihhI cutitirui, 

tt> an immy by thi^ llrv, Jiinirif MiAriniruu, dr.uuuiilii: 
anriuuii uoimidamtitju at lay biiiuin. I trirsl ti.* givi^ tl 
oi^iay tha atkmtion rlainuni f<tr it, mn\ jatbliMlirtl my vitn 
of it an an IntrtHUuaion %i\ Tart I L id t!m *’ 

1 tlun*n rcfi'm^b lunl hvrv H|/ain rcfar \viih plruminn 
tliu atuaml aulmmting bt?twrrn Mr, Murtimaui ami mym 
on (larUuu pointa of biblical (Wimignuy. '’In far 
sayH be, *'ga Ohumb bnliut m null rtmimitti'4 to a giV' 
Cosmogony and naiuml bmU^ry of imui, it Vivn oprn 
soiantillo rofutatkm/’ Ami again: ’’It inrnH t*ut il: 
wUb tba iuu ami nmtm and aiara, ami in ami on t 
eartli, bobiro and alu^r tho apjamriimm id imr i‘iun% qu 
cUier tbingB bava bappanod than tboan wbinh ilm mvt 
Cosmogony mntasd' Outm morti: ‘'The wbolo hinteiry 
the gananiH of things Roltgum must Miirrinobn* U) t 
Scionctm/^ Finally, still nmra tnujihaiitmUy : *’ln tha 
vastigatioTi of tba gtmatia order of things^ Theology in 
intrader, and mmt miml aaijla/* Thin oxpri'HHi'H, only 
words of fuller pith, the views whiah I ventiirctl t<> oiu 

* “IforttiluliUy ttevtow," 
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in Belfast. “The impregnable position of Science, 
^ "till ere say, “may be stated in a few words. We claim, 
shall wrest from Theology, the entire domain of 
Cosmological theory. Thus Theology, so far as it is 
^^I>xesented by Mr. Martineau, and Science, so far as 1 
"^^<3.erstand it, are in absolute harmony here, 

IBut Mr. Martineau would have just reason to complain 
me if, by partial citation, I left my readers under the 
'^^*^pression that the agreement between us is complete. 

the opening- of the eighty-ninth Session of the Man- 
<^lxoster New College, London, on October 6, 1874, he, its 
I>i^iiicipal, delivered an Address bearing the title “Eelig- 
ioxx as affected by Modern Materialism”; the references 
general tone of which make evident the depth of its 
^tixtilLor’s discontent with my previous deliverance at Bel- 
f I find it difficult to grapple with the exact grounds 

of this discontent. Indeed, logically considered, the im- 
I>i:rossion left upon my mind by an essay of great esthetic 
TTLorit, containing many passages of exceeding beauty, and 
xxxany sentiments which none but the pure in heart could 
xx-tfer as they are uttered here, is vague and unsatisfactory. 
Tlie author appears at times so brave and liberal, at times 
so timid and captious, and at times, if I dare say it, so 
inctperfectly informed, regarding the position he assails. 

At the outset of his Address Mr. Martineau states with 
some distinctness his “sources of religions faith.” They 
two — “the scrutiny of Nature” and “the interpreta- 
tion of Sacred Books.” It would have been a theme 
•worthy of his intelligence to have deduced from these 
'fc'wo sources his religion as it stands. But not another 
•w'ord is said about the “Sacred Books.” Having swept 
'with the besom of Science various “books” contemptu- 
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ouHly iiway, lie not ilwttne tli« Siioroil roaidim; much 
1(!HH give UH the reimotiH why he tlwuiit tlu'iii Hueml.* His 
nifyrunaeB to “jNiiturt!," on the other Imtnl, aro magnifi. 
cout ttratlos agtvitiwt NaUins iuk'iulml, apparently, to ahow 
the wholly ahoiniiuihlo oharaotsT of iiuui'h RnU'oiJtlunte if 
tlio tlu'ory of ('volnlion In* true. Hew uIho hj» mood 
liU'.k’K Htt'iuliiU’HH, While joyfully aecpplittg, at out' place, 
“the widi'uitig apaco, the iha'ja'ning vihIjih of time, the 
(lotoatotl iiiiirvel« of phyHiologiciil alruclnri', ami the mpid 
jlHing-in of the rniHsiiig linka in the ehnin of organio 
life,” lie falls, »t another, into lauientation ami memrn» 
lag over the very theory whioh remlora “orgaiim hfit" "a 
chain." Hi* claiitta the largeal lilwmlity for his ain't, and 
avows its cmiU'iuiit for the dHiigera of poamlilo diaoovcry. 
But imracdiatoly afterward he ihumigea the tdaim, and 
ruiuH all cunlidcnt'o in the avowal. lie profi*«?«'H ayra* 
patliy with nuulorn fM-ictuHi, and aliuoat in the aamo 
breath he treate, or certainly will l»o tmderatooil to treat, 
the Atoniio Theory, and the doctrine of the UoiiHcrvattou 
of Energy, at) if they were a kind of wuuntilk! thimhlo* 
riggery. 

His ardor, moreover, renders him inaocurato; {musing 
hiin to SCO disoord hetwetm scientific men where nothing 
liut harmony reigns. In his oelebratod Adtlwsa to the 
Congresa of German Naturforsoher, delivered at Leipzig, 
three yoara ago, Du Bais*tt{iymond spoaks thus: "What 
oonooivablo oomioctiou aubaista between definite move* 
menta of definite atoma in my brain, on the one hand, 

• Mr. MsrUneaa'i uno of th« tflrm “'ssorod" is snintmitlunAUr mMondins- 
In Wa later ossays w® aro taught that ha does not uiiMut t« rcmtrlet It to tho 
Blblo. Ho does not, however, moatlun tho “books” bayoad Umnw of the Bible 
to which he would apply tho term. 1819 . 
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and, on tke other hand, such primordial, indefinahle, un- 
deniable, facts as these: I feel pain or pleasure; I expe- 
rience a sweet taste, or smell a rose, or hear an organ, or 
see something red. . . It is absolutely and forever incon- 
ceivable that a number of carbon, hydrogen, nitrogen, and 
oxygen atoms should be otherwise than indifferent as to 
their own position and motion, past, present, or future. 
It is utterly inconceivable how consciousness should result 
from their joint action. ’ ’ 

This language, which was spoken in 1872, Mr. Marti- 
neau “freely” translates, and quotes against me. The act 
is due to misapprehension. Evidence is at hand to prove 
that I employed similar language twenty years ago. It 
is to be found in the “Saturday Eeview” for 1860; but a 
sufficient illustration of the agreement between my friend 
Du Bois-Eeymond and myself is furnished by the dis- 
course on “Scientific Materialism,” delivered in 18^, 
then widely circulated, and reprinted here. The reader 
who compares the two discourses will see that the same 
line of thought is pursued in both, and that perfect agree- 
ment reigns between my friend and me. In the very Ad- 
dress he criticises, Mr. Martineau might have seen that 
precisely the same position is maintained. A quotation 
will prove this: “Thus far,” I say, “our way is clear, but 
now comes my difficulty. Your atoms are individually 
without sensation, much more are they without intelli- 
gence. May I ask you, then, to try your hand upon this 
problem? Take your dead hydrogen atoms, your dead 
oxygen atoms, your dead carbon atoms, your dead nitro- 
gen atoms, your dead phosphorus atoms, and all the other 
atoms, dead as grains of shot, of which the brain is 

formed. Imagine them separate and sensationless ; ob- 

SCIEKCE — VI — 11 
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gervc i\mn running nnil forming nil imnginable 

cornbinationH. Thin, m n pun^y jutH'luuurul priH’ma, is 
meabh by the nnnd* But vmx you t»r druum, or m 
any way imagino^ how out uf ihai imH’huiund not, and 
from tliOHO imUvuluully (load aUnuK, Hrunatlon, thought, 
and onioiion aro to rino? Am yon hkrly to oxiract 
Ilomor out of tlio rattling of difu, t>r tlio iJillurmtial Cab 
culuB out of tUo chinU of binianbbidk? * . , I ran fob 
low a particla of inunk until it n^aidn^a ibt^ <dfii(*tory niTva; 

I can follow the wuvob of Hotnnl until thrir irmnor^ reach 
the water of the labyrinth, anti nt-t tlm utolitlm and thu-ii's 
fibres in motion; I turn nho vimndi/^* thr wiuoa <d tether 
as they (‘.roHH the eye and hit the rriinio Kiij, nuue, I 
am able to purHuo to ibo eeniral (»rgan the iiiuiiun tlam inn 
parted at the periphery, mul U\ in itb*a tlo^ very mole* 
culea of the brain thrown inUi treiimrH. My iaaight ia m>t 
bafllod by tlnme pliyaiea! protn-am^a. What tmlllea and ho* 
wihlcrH me ia the tiolitm that from thi*M^ jdi^aiful Iremora 
tliinga so utterly imHUigruoua wtlli thout ua snnaatum, 
thought, and emotion can he dmavinl.” It ia tuily a 
complete misappredionmon of our true ndaiinui.Hldp that 
could iudace Mr. Mariineau to represent I hi Boin Hey* 
mond and myanU m opposed to each other. 

“The afiluoneu of illuatration,** writes an abh^ and nym* 
pathetic roviowor of iIub esHay, in the New Vurk ‘‘Trib- 
une,’’ “in which Mr. Martinoau delights tdUm impairs the 
distinctncHB of his statunmute by diverting tlm attention of 
the reader from the esHontial points of hm diHe.UHBi<ni to 
the beauty of his imagery, and ilutH diminiHlum their ^power 
of conviction.” To the bcauticH hero referred to I bear 
willing testimony; but the reviewer is strie.tly just in his 
estimate of their effect upon my critic’s logic. Tha “uOlu- 
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^icLoe of illustration,” and tlie heat, and haze, and haste, 
generated by its reaction upon Mr. Martineau’s own mind, 
often produce vagueness where precision is the one thing 
heedful — poetic fervor where we require judicial calm; and 
J^xactical unfairness where the strictest justice ought to be, 
Q-xid I willingly believe is meant to be, observed. 

In one of his nobler passages Mr. Martineau tells us 
liow the pupils of his college have been educated hitherto: 
* They have been trained under the assumptions (1) that 
“fchie Universe which includes us and folds us round is the 
life- dwelling of an Eternal Mind; (2) that the world of our 
^Uode is the scene of a moral government, incipient but 
'not complete; and (3) that the upper zones of human afiec- 
iiion, above the clouds of self and passion, take us into the 
sphere of a Divine Communion. Into this over- arching 
scene it is that growing thought and enthusiasm have ex- 
3panded to catch their light and fire.” 

Alpine summits seem to kindle above us as we read 
lihese glowing words; we see their beauty and feel their 
life. At the close of one of the essays here printed,* I 
'lihLUs refer to the “Communion” which Mr. Martineau calls 
“Divine”: “ ‘Two things,’ said Immanuel Kant, ‘fill me 
•with awe — the starry heavens, and the sense of moral re- 
eponsibility in man.’ And in his hours of health and 
strength and sanity, when the stroke of action has ceased, 
a,nd the pause of reflection has set in, the scientific in- 
•vestigator finds himself overshadowed by the same awe. 
Breaking contact with the hampering details of earth, it 
associates him with a Power which gives fulness and tone 
tjo his existence, but which he can neither analyze nor 


' “Scientific Use of the Imagination.** 
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comprehend.” Though “knowledge” ia hero disavowed, 
the “feelings” of Mr. Martinoau and myself are, I think, 
very much alike. Ho, novertholcsH, oonsuroa me — almost 
denounces rao— -for referring Keligiou to the region of 
Emotion. Surely he is inconsisttmt hero. The foregoing 
words refer to an inward hue or tempernturo, rather than 
to an external ohjoot of tliought. When I attempt to give 
tlio Power which I see manifested in the Universe an ob- 
jective form, personal or otherwise, it slips away from mo, 
declining all intellectual manipulation. I dare not, save 
poetically, use the pronoun “Ho" regarding it; I dare not 
call it a “Mind”; I refuse to call it even a “Caxiso.” Its 
mystery overshadows mo; but it remains a mystery, while 
the objective frames whioh some of my ueighV)ora try to 
make it fit seem to mo to distort and desecrate it 

It is otherwise with Mr. Martineau, anti hence his dis- 
content. Ifo profossoH to know where I only claim to fe.eX. 
Ho could make his oontontion good against mo if, by a 
process of vorilloation, he would transform Ids asaump- 
tions into “objective knowledge.” But ho makes no at- 
tempt to do so. They remain assumptions from the begin- 
ning of his Address to its end. And yet he frotjuontly 
uses the word “unverified,” as if it were fatal to tlie posi- 
tion on whioh its incidence falls. “Tlio scrutiny of Nat- 
ure” is one of Ms sources of “religious faith”; what 
logical foothold does that scrutiny furnish, ojv which any 
one of the foregoing three assumptions could be planted? 
Nature, according to his picturing, is baso and cniol: wliat 
JB the inference to be drawn regarding its Author? If 
Nature be “red in tooth and claw,” who is responsible? 
On a Mindless nature Mr. Martineau pours the full torrent 
of his gorgeous invective; but could the “assumption” of 
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“an Eternal Mind” — even of a Beneficent Eternal Mind — 
render tlie world objectively a wbit less mean and ugly 
than it is? Not an iota. It is man’s feelings, and not 
external pbenomena, that are influenced by the assump- 
tion. It adds not a ray of light nor a strain of music to 
the objective sum of tilings. It does not touch the phe- 
nomena of physical nature — storm, flood, or fire — nor di- 
minish by a pang the bloody combats of the animal world. 
But it does add the glow of religious emotion to the hu- 
man soul, as represented by Mr. Martincau. Beyond this 
I defy him to go; and yet ho rashly — it might bo said 
petulantly — Icioks away the only philosophio foundation on 
which it is possible for him to build his religion. 

He twits incidentally the modern soientiflo interpreta- 
tion of nature because of its want of cheerfulness. “Let 
the new future,” lie says, “preach its own gospel, and de- 
vise, if it can, the means of making the tidings glad." 
This is a common argument: “If you only knew the com- 
fort of belief I” My reply is that I choose the nobler part 
of Emerson, when, after various disonchantments, ho ex- 
claimed, “I covet truth I" Tlie gladness of true heroism 
visits the heart of him who is really competent to say 
this. Besides, “gladness” is an emotion, and Mr. Marti- 
neau theoretically scorns the emotional. I am not, how- 
ever, acquainted with a writer who draws more largely 
upon this source, while mistaking it for something objeo- 
ttve. “To roach the Cause,” he says, “there is no need 
to go into the past, as though, being missed here, He 
could be found there. But when once lie has been appre- 
hended by the proper organs of divine apprehonsion, the 
whole life of Humanity is recognissed as the scene of His 
agency.” That Mr. Martineau should have lived so long, 
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thought HO muoh, iuhI fitih'il r«>t’og»iizf the fiiltroly 8ub< 
joctivo ohtimclor o£ thj» omui, i.s lugiily iuHintclivo. His 
“•‘propor orgauH of diviuo iipj»n'lu>uHi<m'’~givou, wo must 
asHUtuo, to Mr. Murtiumut utul hi« pupiln, hut denied to 
miiuy o£ tlio grouUmt iuUdltK-lH and luddcMt men in this 
and otlior agon -lb at lh« very i;or«> of hia t'ltioUoiiH. 

In fact, it irt when Mr. Marttiu’RU i« most purely ©mo- 
tional that ho w:urn.H tin* tuuoinmH; it i« wlicn lu' b most 
purely Bubjotitivo tlmt ho rcp'on Hul>ji'etiviiy. lie pays a 
juat and liboral tributo to llui elmraeter ed Jolm Htuart 
Mill. But in tho light ot MiU'a phlbwHiphy, beuevolouca, 
honor, purity, liaving “«hritiiik into mere unueereilited mib- 
Juotivo HtiHe.uptil>ilitie.H, have hmt nil support from (bunia- 
ciuut approval, and all preHumable neeordutiee with the 
reality of thinga.” If Mr. Martimaiu bud given them any 
tnlcling of tiui pnwt'BH liv wlueb be renders the “auitjee- 
tlvo BUKeojitibiUtii’rt" oitjeetiv**, or bovv be Hriivea at an 
olijeetive ground f»f “(hnniseient approval, “ p'ratilude froni 
luB pupilrt would have been bin jnsl meed. Uni, as it in, 
he loavoa thorn loat in att inilem-eiil ehmd of words, after 
exciting a desiro which ho b lueompeieul to appense. 

“Wo are,” ho BayH, in uimtlier pliiee, “forever Hitaping 
our rviprosontationH of invi«ihh> tliingn into forniH of tied- 
nito opinion, and throwing them U> the froitl, sw if they 
■were tho photograpltio eiptivnlenl itf <iur rmil faith. It in 
a delusion wliich afleela u» alt. Yet Htimehow the esHeimo 
of our religion nevor Ihub ib way into tliese franms of 
theory: as we put them together it Hlipn away, ami, if wo 
turn to pursue it, still retreab behind; ever retidy hf work 
with the will, to unbind and Bweeten the nlTeetiotiB, attd 
bathe the life with rovorenee, hnt refuHing to be neon, or 
to pass from a divine huo of thinking into a human pat- 



because tbe man who utters it obviously brings it all out 
of the treasury of his own heart. But the “hue” amd 
“pattern” here so finely spoken of, the former refusing to 
pass into the latter, are neither more nor less than that 
“emotion,” on the one hand, and that “objeotive knowl- 
edge,” on the other, which have drawn this suicidal fire 
from Mr. Martineau’s battery. 

I now come to one of the most serious portions of Mr. 
Martineau’s pamphlet — serious far loss on account of its 
“personal errors” than of its intrinsic gravity, though its 
author has thought fit to give it a witty and sarcastic 
tone. He analyzes and criticises “the materialist doctrine, 
which, in our time, is proclaimed with so much pomp, 
and resisted with so much passion. ‘Matter is all I want,’ 
says the physicist; ‘give mo its atoms alone, and I will 
explain the universe.’ ” It is thought, even by Mr. Mar- 
tineau’s intimate friends, that in this pamphlet he is an- 
swering me. I must therefore ask the reader to contrast 
the foregoing travesty witli what I really do say regarding 
atoms: “I do not think that ho [tho inatcrialist] is en- 
titled to say that his molecular groupings and motions 
explain everything. In reality, they explain nothing. 
The utmost he can affirm is the association of two classes 
of phenomena, of whose real bond of union ho is in ab- 
solute ignorance.” ' This is very different from saying, 
“Give me its atoms alone, and I will explain the uni- 
verse.” Mr. Martineau continues his dialogue with the 
physicist: “ ‘Good,’ he says; ‘take as many atoms as you 
please. See that they have all that is requisite to Body 


* Addresi on “Scloatldo Kntorlttllam.** 
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[a raetapliysioal B), Iwitig hoiiingvm'ou.s i-xlvmlittl Holida' 
‘That i« not trnouKh,’ Iuh |>iiy»i«'.int n-pli.-x; 'it might do 
for DemooritUH and tlm niutlminnlifiniiH, Init I mtmt have 
Boraething more. 'I'he atimm iin»at nut <nily l«' in nuiticm, 
and of variouH shaiioB, Imt hIhu uf im imuiy htmlH hh there 
aro oiumiioal ohnimntH; ft>r liuw I’mihl I uvi>r get wnlur if 
3 had only hydrogen elements to work wtlliV ‘So he it,' 
Mr. Martinenii e.ctnmmlH tt» uimwer, 'tmly thin in n eutimd' 
erahlo enlurgoment of your Bpeciliefl dulnm (where, tuul 
by wlvom Hpueiliod ?J— in faot, a eouvereiuu of it inl«» twv- 
eral; yet, oven at the coat of ita inoniHm jpnt into it ity 
Mr. Martinoan], your aidienu' areiria Imnlly t»i guin il« 
ond; for by what manumlutiou of your reaoureea will 
you, for oxamph), edtioe OoiiHeiuUHueaa?' 

This roada liko pleuaniitry, but it denla with aeriuuB 
thinga. For the last ai'ven yeara the' i[in-at)on here pro- 
poaod by Mr. Miirtint'a\i, and luy nnawi'r U> it, have been 
accoBHiblo to all. The queHlion, in my wurda, in bnolly 
this: ‘‘A man can say, ‘I feel, I think, 1 love,' but how 
does oonsoiousneBS iufutto itself into the probb'iny" And 
hero 18 my answer ; “The passage from the phyaieri of the 
brain to the oorreajiondtng facts of eoiiHcitaisneHs is uu- 
thinkablo. Granted that a delinito thought nml a delluilo 
moleoular action in the brain occur simullaimously; wc 
do not possess the iutellectual organ, nor apparently any 
rudiment of the organ, whioh would enable us U» pass, 
by a process of reasoning, from the one to the other. 
They appear together, but we do not know why. W«rt> 
our minds and senses so expandeil, strengthened, and 
iUuminated, as to enable us to see and feel the very mole- 
cules of the brain; were we capable of following all tlmir 
motions, all their groupings, all their eleatrio disohurgtis, 
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if such, tliere be; and were we intimately acquainted with, 
the corresponding states of thought and feeling, we should 
be as far as ever from the solution of the problem, ‘How 
are these physical processes connected with the facts of 
consciousness?’ The chasm between the two classes of 
phenomena would still remain intellectually impassable. ’ ’ * 
Compare this with the answer which Mr. Martineau puts 
into the mouth of his physicist, and with which I am gen- 
erally credited by Mr. Martineau’ s readers, both in Eng- 
land and America: “ ‘It [the problem of consciousness] 
does not daunt me at all. Of course you understand that 
all along my atoms have been affected by* gravitation and 
polarity; and now I have only to insist with Eechner on 
a difference among molecules: there are the inorganic^ 
which can change only their place ^ like the particles in an 
undulation; and there are the organic^ which can change 
their order ^ as in a globule that turns itself inside out. 
With an adequate number of these our problem wiU be 
manageable.’ ‘Likely enough,’ we may say [‘entirely un- 
likely,’ say I], ‘seeing how careful you are to provide for 
all emergencies; and if any hitch should occur in the next 
step, where you will have to pass from mere sentiency to 
thought and will, you can again look in upon your atoms, 
and fling among them a handful of Leibnitz’s monads, 
to serve as souls in little, and be ready, in a latent form, 
with that Yorstellungs-fahigkeit which our picturesque 
interpreters of nature so much prize.’ ” 

“But surely,” continues Mr. Martineau, “you must 
observe that this ‘matter’ of yours alters its style with 


» Bishop Butler’s reply to the Lucretian in the “Belfast Address” is all in 
the same strain. 



260 


FRAOMKNW OF SCIKKOK 


every oliango of Horviee: nt4irting uh r bi-ggiir witli w<aroe 
a rag of ‘property’ to cover itH honcH, it tiiniH op jia a 
prince •when largo inidertakinga are wanted. ‘We must 
xatUoally oliange oiir notioua of nmtter,’ Haya ProfeaRor 
Tyndallj and then, lie venturea to ladievt', it will niiHwor 
all donmnda, carrying 'tlie proiniae and potency of nil terrcH- 
trial life.’ Tf the menanre of the reipiired ‘ehange in our 
notiouH' had lieun KpoeilUid, the propoailion would have 
had a real meaning, and lu*en HUHci'ptilde of a it'Ht. It is 
oaay travelling through the Htng«‘H of aneh a hypotheHis; 
you deposit at your hank a round Htini erti you Htart, and, 
drawing on it pieeemeal at every punae, complete your 
grand tour without a debt” 

. The last paragraph of thin argument in fondhly and 
ahly stated. On it 1 am willing to try eomdunionn with 
Mr. Martinoan. I may say, in punning, that 1 share his 
contempt for the pietunmtpie interpretation of nature, if 
aoouraoy of vision he timrehy impaireth But the term 
VorstellungH'flihigkeit, as nsed hy me, means tlm power 
of definite mental presentation, of attaching to words the 
oorresponding objeota of thonght, ami of seeing tlu'se in 
their proper rolationa, without the interior haze and soft 
penumbral borders whioh the theologian loves, Ti* this 
mode of “interpreting nature" I shnil to the best of my 
ability now adhere. 

Neither of us, I tnmt, will bo afraid or ashamed to 
begin at the alphabet of this question. Our first elTort 
must be to understand each other, and this mutual under- 
standing can only be insured by bt^ginning low clown. 
Physically speaking, however, wo need not go below the 
sea level. Let us then travel in oompany to the Caribbean 
Sea, and halt upon the heated water. What is that sea, 
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and what is the sun that heats it? -A-iisweriiig for my* 
self, I say that they are both matter. I fill a glass with 
the sea-water and expose it on the deck of the vessel; 
after some time the liquid has all disappeared, and left 
a solid residue of salt in the glass behind. W e have mo- 
bility, invisibility — apparent annihilation. In virtue of 

The glad and secret aid 
The snn unto the ocean paid, 

the water has taken to itself wings and flown off as vapor* 
From the whole surface of the Caribbean Sea such vapor 
is rising: and now we must follow it — ^not upon our legs, 
however, nor in a ship, nor even in a balloon, but by the 
mind’s eye— in other words, by that power of Vorstellung 
which Mr. Martineau knows so well, and which he so 
justly scorns when it indulges in loose practices. 

Compounding, then, the northward motion of the vapor 
with the earth’s axial rotation, we track our fugitive 
through the higher atmospheric regions, obliquely across 
the Atlantic Ocean to Western Europe, and on to our 
familiar Alps. Here another wonderful metamorphosis 
occurs. Floating on the cold calm air, and in presence 
of the cold firmament, the vapor condenses, not only to 
particles of water, but to particles of crystalline water. 
These coalesce to stars of snow, which fall upon the moun- 
tains in forms so exquisite that, when first seen, they 
never fail to excite rapture. As to beauty, indeed, they 
put the work of the lapidary to shame, while as to accu- 
racy they render concrete the abstractions of the geom- 
eter. Are these crystals “matter”? Without presuming 
to dogmatize, I answer for myself in the affirmative. 

Still, a formative power has obviously here come into 
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play which did not manifest itself in eitlier the liquid or 
the vapor. Tho question now is, Was not the power 
"potential" in both of them, requiring ojily llio proper 
conditions of temporature to bring it into netion? Again 
I answer for inys<df in tho anirmutive. I am, however, 
quite willing to (liseiias with Mr. Mnrlineau tho alternative 
hypotliosis, that an impomlerahh' formalivo soul unitoa 
itself with tho sulmtanee after its oseape from the liquid 
state. If ho should ospouso this hypolliesis, ihim I should 
donmnd of him an immediate exen’ise of liint VorsUdlungs- 
fahigkeit, with which, in my elToris to think eleurly, I 
can never dispense. T should ask, At wluit moment did 
the soul come in? Did it enter at imc'o or by th^grees; 
perioot from tlio first, or growing ami perfeeting itself 
contemporaneously with its own handiwork? I should 
also ask whether it is ItMuilistod or dilfused ? Hoes it move 
about as a lonely builder, putting the bits of solid water 
in tlioir places us soon as the proper ttunpernture has sot 
in? or is it distrihuttid througli the entire mass of tho 
crystal? If tiie latter, then tho soul has the shape of 
the crystal; but if the former, then I should inquire after 
its shape. Has it logs or arms? If not, I would ask it 
to be made clear to mo how a thing witlumt tliese appli- 
ances can act so porfootly the part of a builder? (I insist 
on definition, and ask unusual questions, if haply 1 might 
thereby banish unmeaning words.) What were the eoudi- 
tion and residence of tho soul before it joined tlie crystal? 
What becomes of it when tho orystal is dissolved? Why 
should a particular temperature be needed before it can 
exercise its vocation? Finally, is the problem before us 
in any way simpliflied by the assumption of its existence? 
1 think it probable that, after a full di8ca*®ion of the ques- 
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tion, Mr. Martineau would agree with, me in ascribing the 
building power displayed in the crystal to the bits of 
water themselves. At all events, I should count upon his 
sympathy so far as to believe that he would consider any 
one unmannerly who would denounce me for rejecting this 
notion of a separate soul, and for holding the snow-crystal 
to be “matter.’^ 

But then what an astonishing addition is here made to 
the powers of matter ! Who would have dreamed, without 
actually seeing its work, that such a power was locked up 
in a drop of water? All that we needed to make the 
action of the liquid intelligible was the assumption of 
Mr. Martineau’s “homogeneous extended atomic sohds/* 
smoothly gliding over one another. But had we sup- 
posed the water to be nothing more than this, we should 
have ignorantly defrauded it of an intrinsic architectural 
power, which the art of man, even when pushed to its 
utmost degree of refinement, is incompetent to imitate. 
I would invite Mr. Martineau to consider how inappro- 
priate his figure of a fictitious bank deposit becomes under 
these circumstances. The “account current” of matter 
receives nothing at my hands which could be honestly 
kept back from it. If, then, “Democritus and the mathe- 
maticians” so defined matter as to exclude the powers here 
proved to belong to it, they were clearly wrong, and Mr. 
Martineau, instead of twitting me with my departure from 
them, ought rather to applaud me for correcting them.* 


• Definition implies previous examination of the object defined, and is onen 
to correction or modification as knowledge of the object increases, f 
creased knowledge has radically changed our conceptions of. the 
ether, converting its vibrations from longitudinal into transverse, 
idsb Mr. Martineau ’b concepticmB of matter are doomed to under] 
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Tlio mulor (>f my huuiU (HdilrilnUmuH U) tiio liU'ruture 
winch dwilH with tlio overliqijiing laarKinH "f Si-itmcc and 
Theology, will have noticwl how fri‘ 4 ut*ntly 1 ijuut-n Mr. 
KmorBon. I do ho imiiiily horsuwo in him wt' Imvo a poet 
and a profoundly rcligioua man, who in really and entirely 
undaunted by the diHeoverioH of Seienee, past, preHcnt, 
or prorfpecti VO. In liia ea.-^e Ihii-lry, with tho joy of a 
bacchanal, taken her graver brother Seiejiet' by the hand, 
and choetB him with iininortjil laughter. By Knieraon 
Boioiiitiflo oonoeptionH are eojitinuully tnuiHinuled into the 
finer forms and warmer Ihu-h of an ideal world. Our 
present tlierno ih Umched upon in the hnea - 

TJio Jounutylitg aUtnm, |srinHirtilnl whuU^ti 

HmUy dmw, firmly drive? l»y Uitdr 

Ah regards voracity and iimighl these few words tuitweigh, 
in my estimation, all tho forinul learning exjiemlod by Mr, 
Marlineau in tlioHo diHcjuisitions on Koree, where ho treats 
tho j)hy8ioiHt as a cotijnrer, ami speaks so wittily of atomic 
polarity. In fact, without this notion of jKdarity this 
“drawing” and “driving”— this altraetion and repulsion, 
we stand as stupidly dumb boforo tho jilu'ncum’ua of (Irys- 
tidlissation as a B\ishinan hoforo the phenoittetta (tf tlm 
Solar System. Tho gonesis ntul gn>wtli of the n<»tinn I 
have endeavored to make clear in my third f,eeture on 
Light, and in tho article on “Matter and Korco” pubtishod 
in this volume. 

Our further course is hero foreshadoweil. A Hunday 
or two ago I stood under an oak iilankid by Sir John 
Moore, the hero of Corunna. On the ground near iho 
tree little, oaklets were successfully fighting for life with 
the surrounding vegetation. The acorns had dropped into 
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tlie friendly soil, and this was the result of their interac- 
tion. What is the acorn? what the earth? and what the 
sun, without whose heat and light the tree could not bet- 
come a tree, however rich the soil, and however healthy 
the seed? I answer for myself as before — all “matter.” 
And the heat and light which here play so potent a part 
are acknowledged to be motions of matter. By taking 
something much lower down in the vegetable kingdom 
than the oak, we might approach much more nearly to 
the case of crystallization already discussed; but this is 
not now necessary. 

If, instead of conceding the sufficiency of matter here, 
Mr. Martineau should fly to the hypothesis of a vegetative 
soul, all the questions before asked in relation to the 
snow-star become pertinent. I would invite him to go 
over them one by one, and consider what replies he will 
make to them. He may retort by asking me, “Who in- 
fused the principle of life into the tree?” I say, in an- 
swer, that our present question is not this, but another — 
not who made the tree, but what is it ? Is there anything 
besides matter in the tree ? If so, what, and where ? Mr. 
Martineau may have begun by this time to discern that it 
is not “picturesqueness,” but cold precision, that my Vor- 
Btellxmgs-fahigkeit demands. How, I would ask, is this 
vegetative soul to be presented to the mind ? where did it 
flourish before the tree grew? and what will become of 
it when the tree is sawn into planks, or consumed in fire? 

Possibly Mr. Martineau may consider the assumption of 
this soul to be as untenable and as useless as I do. But 
then if the power to build a tree be conceded to pure mat- 
ter, what an amazing expansion of our notions of the “po- 
tency of matter” is implied in the concession! Think of 
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the acorn, of the earth, and of the solar light and heat— 
'Was ever such nocromaney dreamed of as the production 
of that massive trunk, those swaying boughs and whisper- 
ing loaves, from the interaction of those three factors ? In 
this interaction, moreover, consista what wo call life. It 
will be seen that I uin not in the least inscnsiblo to the 
wonder of the tree; nay, I should not bo surprised if, in 
the proBonoo of thia wonder, I fool more perplexed and 
overwhelmed than Mr. Martineau himself. 

Oonsider it for a moment. There is an experiment, 
first made by 'Wlieatstono, whore the musio of a piano is 
transferred from ita sound-board, through a thin wooden 
rod, aoroas several silent rooms in suceossion, and poured 
out at a distance from the iustrument. The striugH of the 
piano vibrate, not singly, but ten at a time, Kvery string 
subdivides, yielding not one note, but a dozen. All those 
vibrations and subvibriilions aro crowded together into a 
bit of deal not more than a quarter of a square inch in 
section, Yot no note is lost. Each vibration assorts its 
individual rights; and all are, at last, slmkon forth into 
the air by a second sound-board, against which the dis- 
tant end of the rod prosses. Thought ends in amazement 
when it seeks to realize tlie motions of that rod as the 
music flows through it, I turn to my tree and observe its 
roots, its trunk, its branobes, and its loaves. As tlio rod 
conveys the music, and yields it up to the distant air, so 
does the trunk convey tlm matter and tlie motion— the 
shocks and pulses and other vital aotions—whioh event- 
ually emerge in the umbrageo\ui foliage of the trtm. I 
went some time ago through the greeuhcusj of a friend. 
He had ferns from Ooylon, the branches of which were in 
some oases not muoh thicker than an ordinary pin—hard, 
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smooth, and cylindrical— often leafless for a foot or more. 
But at the end of every one of them the unsightly twig 
unlocked the exuberant beauty hidden within it, and broke 
forth into a mass of fronds, almost large enough to fill the 
arms. We stand here upon a higher level of the wonder- 
ful: we are conscious of a music subtler than that of the 
piano, passing unheard through these tiny boughs, and 
issuing in what Mr. Martineau would opulently call the 
“clustered magnificence’’ of the leaves. Does it lessen 
my amazement to know that every cluster, and every leaf 
— their form and texture — ^lie, like the music in the rod, 
in the molecular structure of these apparently insignificant 
stems? Not so. Mr. Martineau weeps for “the beauty of 
the flower fading into a necessity.” I care not whether it 
comes to me through necessity or through freedom, my 
delight in it is all the same. I see what he sees with a 
wonder superadded. To me, as to him, not even Solomon 
in all his glory was arrayed hke one of these. 

I have spoken above as if the assumption of a soul 
would save Mr. Martineau from the inconsistency of cred- 
iting pure matter with the astonishing building power dis- 
played in crystals and trees. This, however, would not 
be the necessary result; for it would remain to be proved 
that the soul assumed is not itself matter. When a boy I 
learned from Dr. Watts that the souls of conscious brutes 
are mere matter. And the man who would claim for mat- 
ter the human soul itself, would find himself in very or- 
thodox company. “All that is created,” says Fauste, a 
famous French bishop of the fifth century, “is matter. 
The soul occupies a place; it is enclosed in a body; it 
quits the body at death, and returns to it at the resurrec- 
tion, as in the case of Lazarus; the distinction between 
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noil and Iloavon, betwoon ntnrnal pleiuiuros and eternal 
painn, proven that, even afusr tleath, aoula wmtpy a place 
and aro corporeal. God only ia incorjKiroal," Tortullian, 
moreover, was quite a physunat in the dellniteneaa of his 
ooncoptionH regarding tho w>ul. “The matormlity of the 
soul,’’ ho Hiiyn, “in evident from tho ovangtdiHt*. A hu- 
man Houl iH llioro oxpreH«ly pieturwl an aunoring in hollj 
it in placed in tho iniddlo of a flame, ita bingue fools a 
oruol agony, and it implores a drop of water at tho hands 
of a happier soul. IFonfinj; innti-rintU^/' adds Tortullian, 
“all (JitH wotiUl h without, mnmiwj," ' 

I have glanced at inorganic nature.— at tho aea, and tho 
sun, and tho vapor, and tho snow Hake, and at organic 
nature as roiiresentod by tho fern and tho «mk. That 
same ami which warinod tho water and liberaUKl the 
vapor oxerte a aubtlor power on tlio nutriiiumt of the 
tree. It tiiki'H htdd of matter wludly unfit for tho pur- 
poHCH of nutrition, separaUm its nutrilivo fnun its non- 
nutritive portioiiB, gives the former to tho vogotahlo, and 
carries tho others away. Planted in tlio earth, bathed hy 
the air, and tended by the sun, tlio inm is traversed liy 
its sap, tho colls are formed, the woody fibre is apun, and 
the wholo is woven to n texture wonderful oven to tho 
naked eyo, but a million-fold more so to microseopic vis- 

' The ferotfolriK ©jctraats, which M, Alghiv# msehlljr Iswiaht to light fur tlio 
boTiftllt of tlio Iltshop of Orlotina, ate takw {win the «l*th Isioiurn of tlm •‘Omira 
d’lliatolro UoUorno" of that meet orthotlo* of atateamon, U. tlulaol. '*1 eouW 
multiply," contlnuoa M. Quiaot, "thaae oilations to influtty, «»«l llioy jmivo ilmt 
In the Unit oonturie# of our era llie materiiility of tfio mwl was an o|ijnii*u 
not only psnnlttod, but dominant," Dr. Marlorly, and tJm aynod whirh ho 
leoontly addreased, obvloualy forget tliolr own anUteedonts. Their hoasinil miu- 
eesslott from tho early Ohuroh renders tliem the dlroei oSspring of a "iimtnrial 
tom” more "brutal" than any ever onunolatad by m*. 
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. Does consciousness mix in any way with these proo- 
js? No man can tell. Our only ground for a negative 
elusion is the absence of those outward manifestations 
n which feeling is usually inferred. But even those 
not entirely absent. In the greenhouses of Kow we 
y see that a loaf can close, in response to a proper 
aulus, as promptly as the human fingers themselves; 

while there Di’. Hooker will toll xis of the wondrous 
catching and lly-dovouring power of the Diontna. No 
1 can say that the feelings of the aiuuial are not rojire- 
ted by a drowsier oonsoiousness in the vegotabhi world, 
all events, no lino has over been drawn between the 
scions and the unconscious; for the vegetable shades 
) the animal by such fine gradations that it is irapoa- 
.e to say whore the one ends and the otliur bogius. 

In all stich inquiries wo are nooossarily limited by our 
1 powers: we observe what our senses, armed with the 
} furnished by Science, enable us to observe; nothing 
re. The evidences as to consciousness in the vegetable 
•Id depend wholly upon our capacity to obsorvo and 
gh them. Alter the capacity, and the evidence would 
r too. Would that which to us is a total almouco of 
• manifestation of oonsoiousness be the same to a being 
h our capacities indefinitely multiplied? To such a 
ag I can imagine not only tlie vegetable, but the inin- 
i world, responsive to the proper irritants, the response 
oring only in degree from those exaggerated manifesta" 
IS, which, in virtue of their magnitude, appeal to our 
dc powers of observation. 

Our conclusion, however, must be based, not on pow. 

that wo imagine, but upon those that w«> jmssoss. 
lat do they reveal? As the earth and atmosphere of- 
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fer iis thu intlriintmt of i\w vogotohlp world, so 

(Uxm tUo hitler, whUdi routwiriH no eon>*tit«init not found 
in inorganio rmlun*, offer itwdf t*» the animal world. 
Mixod with corUiin inorganio -water, for ex- 

aniplft^ — tho vogeUihlo eonatituU'H, in the long run, the sole 
flUBtonnnee of the animal. Aiuinala way Iw dividwl into 
two claHMOH, tho llrat of whieh ean utiU?.** the vegetable 
world ininuHliaUdy, having chemteal forrea atrong enough 
to eopo with iW must rofnwjtory parta; the Hwmntl claaa 
UHO the vogotablo world mediately; that is to any, after ita 
finer portions have been wxtraetwl and antretl np by tho 
first. But in neither eltuw have we an Btt»m newly ereated, 
Tho animal worUl is, fw to say, a distillation through the 
vogotablo world from inorganin nature. 

From this point of view all three worlds would eon- 
Btitute II unity, in whieh I pieture life an immanent every- 
■where. Nor am I anxious to shut out the idea that tho 
life hero spoken of rimy Vve but a subonlinate part nnd 
function of a Higlier Life, as the living, moving UUkkI is 
subordinate to the living man. I resist m> sueh idea oh 
long as it ia not dogmatically imposed. Left for the hu- 
man mind freely to operate upon, tho idea luvs ethical 
vitality; but, stiffonod into a dogma, tbe inner force dis- 
appears, and the outward yoke of a usurping btemrehy 
takes its place. 

The problem before us is, at all events, capable of 
definite statement. We have on tho one haml strong 
grounds for concluding that tho earth was once a molten 
mass. We now find it not only swatlied by an atmos- 
phere, and covered by a sea, but also crowded with living 
things. The q[ueBtdon is, How were they intrcrduccd? 
Certainty may be as unattainable here as Bishtip Butler 
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held it to be in matters of religion ; but in the contempla- 
tion of probabilities the thoughtful mind is forced to take 
a side. The conclusion of Science, which recognizes un- 
broken causal connection between the past and the pres- 
ent, would undoubtedly be that the molten earth contained 
within it elements of life, which grouped themselves into 
their present forms as the planet cooled. The difficulty 
and reluctance encountered by this conception arise solely 
from the fact that the theologic conception obtained a 
prior footing in the human mind. Did the latter depend 
upon reasoning alone, it could not hold its ground for an 
hour against its rival. But it is warmed into life and 
strength by associated hopes and fears — and not only by 
these, which are more or less mean, but by that loftiness 
of thought and feeling which lifts its possessor above the 
atmosphere of self, and which the theologic idea, in its 
nobler forms, has engendered .in noble minds. 

Were not man’s origin implicated, we should accept 
without a murmur the derivation of animal and vegetable 
life from what we call inorganic nature. The conclusion 
of pure intellect points this way and no other. But the 
purity is troubled by our interests in this hie, and by our 
hopes and fears regarding the life to come. Reason is 
traversed by the emotions, anger rising in the weaker 
heads to the height of suggesting that the suppression of 
the inc[uirer by the arm of the law would be an act agree- 
able to Grod, and serviceable to man. But this foolish- 
ness is more than neutralized by the sympathy ~of the wise; 
and in England at least, so long as the courtesy which 
befits an earnest theme is adhered to, such sympathy is 
ever ready for an honest man. None of us here need 
shrink from saying all that he has a right to say. We 
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ought, however, to roinoinhor that it in not only a band 
of Jesuits, weaving the.ir BchoinoH of intoUoctnal slavery, 
under the innoeont guise “of oduention,’’ that we are 
opposing. Our foes aro to some extent of our own house- 
hold, including not only the ignorant ntid the pasmonate, 
but a minority of minds of high etilthre and culture, lovers 
of freedom nutreover, who, though its objective ludl bo 
riddled by logic, still flml the othie life of their religion 
unimpaired. But while such oonsiderntions ought to influ- 
ence the form of our argument, and pn'vent it from over 
slipping out of the region of co\trUwy inUi that of scorn 
or abuse, its auhtancf, I tlunk, ought to ho maintoined 
and proHonted in uiunitigated strongtli. 

In the year 1866 the cliair of plulosophy in tho Uni- 
versify of Munich happened to he fllletl hy a Catholic 
priest of great oritical penetration, gr<sat learning, and 
groat counige, who ha<l homo tho brunt of hattlo long be- 
fore Ddllinger. Uis Jesuit colleagues, he know, incul- 
cated tho belief that every human soul is wnit into tho 
■world from God by a separate and supenmtuml act of 
creation. In a work entitled tho “Origin of tho Human 
Soul,” Professor Frohsohammer, the philo»w>phcr here al- 
luded to, was hardy enough to questiiin this doctrine, 
and to affirm that man, body and soul, oomes from his 
parents, the act of creation being, thoreforts mediate and 
secondary only. The Jesuits keep a sharp lookout on 
all temerities of this kind; and their organ, tho “Civilitd 
Oattolica,” immediately pounced upon Frohsohammer. 
His book ■was branded as "pestilent,'' placed in the Index, 
and stamped ■with the condemnation of the Church,' The 

• King MoximCLIan II. brought Lloblg to Munich, ho liolf«Ki ItolmtioltK in 
his reaearoboB, and loved to liberalo and foeter Mciimoe. B«i tiirough hla lil«iral 
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Jesuit notion does not err on the score of indefiniteness. 
According to it, the Power whom Groethe does not dare 
to name, and whom Gassendi and Clerk Maxwell present 
to ns nnder the guise of a “Manufacturer’’ of atoms, turns 
out annually, for England and Wales alone, a quarter 
of a million of new souls. Taken in connection with the 
dictum of Mr. Carlyle, that this annual increment to our 
population are “mostly fools,” but little profit to the 
human heart seems deriyable from this mode of regarding 
the Divine operations. 

But if the Jesuit notion be rejected, what are we to 
accept? Physiologists say that every human being comes 
from an egg not more than the xfcth of an inch in diam- 
eter. Is this egg matter? I hold it to be so, as much 
as the seed of a fern or of an oak. Nine months go to 
the making of it into a man. Are the additions made 
during this period of gestation drawn from matter? I 
think so undoubtedly. If there be anything besides mat- 
ter in the egg, or in the infant subsequently slumbering 
in the womb, what is it? The questions already asked 
with reference to the stars of snow may be here repeated. 
Mr. Martineau will complain that I am disenchanting the 
babe of its wonder; but is this the case? I figure it grow- 
ing in the womb, woven by a something not itself, without 
conscious participation on the part of either father or 
mother, and appearing in due time a living miracle, with 
all its organs and all their implications. Consider the 
work accomplished during these nine months in forming 


concession of power to tlie Jesuits in the schools, he did far more damage to the 
intellectual freedom of his country than his superstitious predecessor Ludwig I. 
Priding himself on being a G-erman Prince, Ludwig would not tolerate the inter- 
ference of the Roman party with the political affairs of Bavaria. 
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the eyes alone ~with ita Ions, nml ila huinora, and its mi. 
raculouH retina Uohittd. ('ottHulor lh« ojir with its tym- 
liatiuin, etsulsloa, and thirirs organ -an iiwtnunont of thj^g 
thouHand stringH, bnilt mljtw’mil to the brans, ami etnjiloy6{i 
by it to aift, Bs'psirnfes ami ints'rprot, nistoewlotit to all non- 
se-juUHiH'Hrt, the Hnuormia IrouiorH of the oslernssl world. 
All tliirt hiiH been aeeinnpliaheHl, not t«nly without man’s 
(ustitriviuseo, but wilhosst bin knowbstlgss, the won't of lus 
own organization having been withhoUl fnun hisii aiuco 
hia birth in the immeaHisnsble paal, until llioaB latter days. 
Matter 1 deflne a« that tiiyaterioue thing by whioh all this 
i» acoompliahed. lU'W Jt eame bt have ihia power is a 
queHlhm on which 1 never veiitunnl an opinnin. If, thou, 
Matter starts as “a beggar,” it is, in my view, beeauso the 
Jacobs of theology have deprived it of its birthright. Mr. 
Martineau need fear no tUeenchantment. Theories of evo- 
lution go liut a short way bsward th»* eaplanalion of this 
mystery; the Ages, let us liojai, will at length give u« 
a Poet oompotent to tliml witli it aright. 

There are men, and they include among Uiem some o£ 
the best of the race of man, uiion whoae minds this mye- 
tory falls without producing either warmth or color. 'Phe 
‘‘dry light" of the intellect auflloes for tliem, and they 
live their noble lives untouched by a desire to give tho 
mystery shape or expression. Thare are, on the other 
hand, men whose minds are warmed and mdunal by ita 
proHonoe, and who, under its stimulus, attain bi moral 
heights which have never been oviirt»p|«id. Ibfteront 
spiritual climates are netsessary for the healthy exisUnuus 
of tihese two olatmea of men; and different olimates muBt 
be accorded them. The history of humanity, howovor, 
proves the experienoe of the aeooad clasu to illustraUi the 
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most pervading need. The world will have religion of 
some kind, even though it should fly for it to the intel- 
lectual whoredom of “spiritualism. ” What is really wanted 
is the lifting power of an ideal element in human life. But 
the free play of this power must he preceded by its release 
from the practical materialism of the present, as well as 
from the torn swaddling hands of the past. It is now in 
danger of being stupefied by the one, or strangled by the 
other. I look, however, forward to a time when the 
strength, insight, and elevation which now visit us in 
mere hints and glimpses, during moments “of clearness 
and vigor,’’ shall be the stable and permanent possession 
of purer and mightier minds than ours — ^purer and might- 
ier, partly because of their deeper knowledge of matter 
and their more faithful conformity to its laws. 
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O NK «l Uw m«*i fi’iMiiirkttltle of ihe 

a|5B in whirh wo hvo, ja jUi «lo»tro ami lontlcacy 
to oonnoel iUmlf urjtasooally with }«rf»oodi«|? agiK 
—la aacmrtain lutw iho utato uf Uungs* Uial now h came to 
be what it ia. Aiui the uiuro oarnoatly ami prttftmndlj 
thia problem ia aluiltoti, tins *m»ro olrarl^y iH»t»soa into view 
the vaat and varied debt whitsU the world of to day owes 
to tiint fore-world, in whioh man by akiU, vahir, and well* 
dir««to<i HtrongUi ftrat replnniahwl and aubduetl the earth. 
Our prehiatorio fatliera nmy have Imtiu aavagea, but they 
were clever and obaarvant onwi. They fonmlml ngrieult- 
ure by the diaoovery and development of awnl« wlnw 
origin ie now nnknown. They lamed atul harniej««Hl their 
animal antagoaiata, and aeat diem down to ua aa min* 
iatera, inatead of rivala in the fight for life. I#ater on, 
when the olairaa of luxury added ihenmelvea to tlioao of 
neoeaaity, we find dm name apirit of iiiveiition at work. 
We have no hiatoric account of die llrat brewer, but we 
glean from hiatory that hia art wae praodood, and ita 
produce relished, more than two dmuaaml years ago. 
Theopbraatua, who waa born nearly four hundred year* 

' A. nisoouTM d«Uv«ted batoiii Uw OUwaow BqIwm JjiKrtittm 
Ootober 18 , IBIft, 
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before Christ, described beer as the wine of harley. It is 
extremely difiBiciilt to preserve beer in a hot country, still, 
Egypt was the land in which it was first brewed, the desire 
of man to quench his thirst with this exhilarating bever- 
i^e overcoming all the obstacles which a hot climate threw 
in the way of its manufacture. 

Our remote ancestors had also learned by experience 
that wine maketh glad the heart of man. Noah, we are 
informed, planted a vineyard, drank of the wine, and ^ 
experienced the consequences. But, though wine and 
beer possess so old a history, a very few years ago no man 
knew the secret of their formation. Indeed, it might be 
said that until the present year no thorough and scientific 
account was ever given of the agencies which come into 
play in the manufacture of beer, of the conditions neces- 
sary to its health, and of the maladies and vicissitudes to 
which it is subject. Hitherto the art and practice of the 
brewer have resembled those of the physician, both being 
founded on empirical observation. By this is meant the 
observation of facts, apart from the principles which ex- 
plain them, and which give the mind an intelligent mas- 
tery over them. The brewer learned from long experience 
the conditions, not the reasons, of success. But he had 
to contend, and has still to contend, against unexplained 
perplexities. Over and over again his care has been ren- 
dered nugatory; his beer has fallen into acidity or rotten- 
ness, and disastrous losses have been sustained, of which 
he has been unable to assign the cause. It is the hidden 
enemies against which the physician and the brewer have 
hitherto contended, that recent researches are dragging 
into the light of day, thus preparing the way for their 
final extermination. 
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Lot US gkncw far ii iiuutH'ut »t lh«* tmtvriml md visible 
signs i»£ foruiuuUtittn. A few works «>.*•• I pniil a, vi$it to 
tt privuUJ still in a Swiss rhnlrl; siul ihts is wh»t I aatr. 
In tho poasunt’s UmlnKim was n rusk with n very 
buiighole carttfully cIdsimI. Tlio rusk r<(»ui,iiunl cherrie* 
•wliich hud Inin in it f»r f«»urtrtm dnys. It whs not on. 
tiroly flllotl witli tho fruit, hii air sjmn- hruig loft above 
tbo cUorrii'H whon thoy wont put in. I luui tho hung ra< 
moviul, nmi a amall lamp dippoil into this spnro. Its liamg 
■was instantly extiiiguishoti. Tiso oxygru of ilio air had 
entirely disapptsansl, its plnro hoing lakrii liy oarlKUjie 
aoid gaa.' I taaUwl tho ohorritm: thoy woro vory aour, 
tliough whon put into tlio ousk they woro swoot. The 
oborrioa ajid tho liijuiil aastHUBUnl with thorn wor« than 
placed in a copper Imilor, pi wluoh a ooppor hoad was 
oloBoly fitted. From tho head prtHtooilod a ropjwr tube 
which jtasacd straight through a vosaol of roh! wator, and 
issued at tho other side. Under tho ojH'n oml <>f the tube 
was placed a bottle Ui rtH'eivo tbe spirit distilltHl. The 
flame of amall wood-splinters Iwing applied to the Imiler, 
after a time vapor rose into Uto lioad, passoil iltrough the 
tube, was condensed by the ooKl of the water, and foil in a 
liquid fillet into tli« Imttlo. Un Iwnng UisUhI, it proved 
to be that fiery and intoaioating spirit known in com- 
merce as Kiraoh or Kimshwasaor. 

Tbe cberriw, it should be romembertMl, w«mi loft to 
tbemselvea, no foment of any kind being addoil t«» ilmm. 
In this respect wbat has bcim said of the cherry applies 
also to tbe grape. At the vintage the fruit of the vine is 

* Th* gw whloh ts whsM town vbii lang* stiw U*« etyifwi «# tl»« nif hw 
aon® Mb duty In purifying ^ VM, tb® INliM hIm whitib fiwti 

water mA 
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placed in proper vessels, and abandoned to its own action. 
It ferments, producing carbonic acid; its sweetness disap- 
pears, and at the end of a certain time the nnintoxicating 
grape-jnice is converted into intoxicating wine. Here, as 
in the case of the cherries, the fermentation is spontaneous 
— ^in what sense spontaneous will appear more clearly by 
and by. 

It is needless for me to tell a Glasgow audience that 
the beer-brewer does not set to work in this way. In the 
first place the brewer deals not with the juice of fruits, 
but with the juice of barley. The barley having been 
steeped for a sufficient time in water, it is drained and 
subjected to a temperature sufficient to cause the moist 
grain to germinate; after which it is completely dried upon 
a kiln. It then receives the name of malt The malt is 
crisp to the teeth, and decidedly sweeter to the taste than 
the original barley. It is ground, mashed up in warm 
water, then boiled with hops until ail the soluble portions 
have been extracted; the infusion thus produced being 
called the wort This is drawn off, and cooled as rapidly 
as possible; then, instead of abandoning the infusion, as 
the wine-maker does, to its. own action, the brewer mixes 
yeast with his wort, and places it in vessels each with 
only one aperture open to the air. Soon after the addi- 
tion of the yeast, a brownish froth, which is really new 
yeast, issues from the aperture, and falls like a cataract 
into troughs prepared to receive it. This frothing and 
foaming of the wort is a proof that the fermentation is 
active. 

Whence comes the yeast which issues so copiously 
from the fermenting tub? What is this yeast, and how 
did the brewer become possessed of it? Examine its 
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quiiiiiily bof<ir»' iimi after fi'rni«niUi4ii«ii. Tlte hrewsr in. 
IrvHhuTff, aav, iU t'wte. <4 yj'aj't. }«' ruHinta 40, or it 
may li« ffO, uwUt, 'I'lu' yomx has, augmented 

from four Uj tivi* iiunng llm fmiH nlaiu.n, Slmll we 
com'huio that llu« mliiiliojud yriw«t 1 >bm ajiojiUntHmelj 

gottt'raU'il l>y tiio WitilV Arc wc ai>t ratiii'r rcamtclmi of 
llmt well wini'U fell giH«l groiiiul, aitO iiruuglii forUi 

fruit, miino tlnrly ftiiii, aitmc ai^ly f<>Ui, HMtiu’ a huiulred- 
fold? On oxauimatnni, Ut»« ui>tii»n >>{ urgaute growth 
tururt out U> Utt nmre than a mori' aiirntmc. lit tlm year 
lOHO, when iho miaromnijnj wh« altll m tte iiifuio-y, !,oeu- 
'wonhoek Uinu'il the inalrumi'nl u|n»n thm and 

found it foiinioHud of imnnlo ghilmlra au^j'i'mled in a 
li«iuid, ThuH knowledge reaUal unttl wIhuj Cagiiinrd 

de la Tour in Frano®, and Hchwann m Oniimny, itide- 
pondontly, but animatml by a etmunon tlntugltt, turned 
mioraHoo|io« of ijujiroved <U'llmtion nml lungUtinn’d jmweri 
upon yon«t, and fcjuud it budding and Hproutuig before 
tdioir oyes. Tho auginoutatioa td the yeaat aliuilud to 
above was thua provml U> unao from the growth of a 
Kunute plant now oalled Torula (or Sit<-fh>iromj/im) (Wf- 
visim. Spontaneoua genoratnm la therefore out of the 
q^uefltion. The brewer delilmrately sown the yeaul plant, 
whioh grows and inultipUea in tho wort juk its proper 
soil. This discovery marks an opoeh in the history of 
fementation. 

But where did tho brewer find his yeast? Tlie reply 
to this question is similar to that whieh must be given if 
it wore asked whore tho brewer found his burtey. lie has 
reoeived the seeds of both of them from prei’eiling gen* 
eratiouB. Oould we connect without solution of continu- 
ity the present with the past, wo should probably be able 
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fco trace back the yeast employed by my friend Sir Fowell 
Buxton to-day to that employed by some Egyptian brewer 
two thousand years ago. But you may urge that there 
must have been a time when the first yeast-cell was gen- 
erated. Granted — exactly as there was a time when the 
first barley-corn was generated. Let not the delusion lay 
hold of you that a living thing is easily generated because 
it is small. Both the yeast-plant and the barley-plant 
lose themselves in the dim twilight of antiq[uity, and in 
this our day there is no more proof of the spontaneous 
generation of the one than there is of the spontaneous gen- 
eration of the other. 

I stated a moment ago that the fermentation of grape- 
juice was spontaneous; but I was careful to add, ‘‘in what 
sense spontaneous will appear more clearly by and by.” 
Now this is the sense meant. The wine-maker does not, 
like the brewer and distiller, deliberately introduce either 
yeast, or any eq^uivalent of yeast, into his vats; he does 
not consciously sow in them any plant, or the germ of any 
plant; indeed, he has been hitherto in ignorance whether 
plants or germs of any kind have had anything to do with 
his operations. Still, when the fermented grape-juice is 
examined, the living Torula concerned in alcoholic fer- 
mentation never fails to make its appearance. How is 
this ? If no living germ has been introduced into the 
wine-vat, whence comes the life so invariably developed 
there ? 

You may be disposed to reply, with Turpin and oth- 
ers, that, in virtue of its own inherent powers, the grape- 
juice, when brought into contact with the vivifying atmos- 
pheric oxygen, runs spontaneously and of its own accord 
into these low forms of life. I have not the slightest ob- 
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jeotion to this explanation, providtal proper ovidenoe can 
be adduced in aupport of it But the ovidonoe adduced 
in itH favor, «V8 far aa I atn acapminU'd with it, Hnaps aauu- 
dor under the attain of aeiontillo oritiinani. It ia, aa faras 
I can see, the ovidoncn ot men, who, however keen and 
clever aa oharrvt’rit, are not rigidly tmine<l tj-perimeninrs, 
TIicho alone arc aware of the pnHuiutiona tifn'OHHary in in- 
veatigationa of this delicate kimi. In roforenoe, ttion, to 
the life of the wine-vat, what ia the dooiaion of ex[mriinent 
when carried out by competent men? Lm. a quantity of 
the clear, filtered “mu«t*' of the gnqm ho ho hoiltHi aa to 
destroy such germs as it may have contracted from the rir 
or otliorwiso. In contact witlt germloss air the uneontami. 
natod must never fomonts. All the maU'rinls fttr sponta- 
neous generation are there, but so long as there is no seed 
sown thoro ia no life dovt'Ioped, and no sign of that fer- 
monttition which is tlic concomitant of hfe, Nor need you 
resort to a boiled liquid. Tim grajm is seahal hy its own 
skin against contamination from without. ‘ By an ingen- 
ious device, Pasteur has extractetl from tlie interior of the 
grape its pure juice, and proved tliat in contact with pure 
air it never aoqtiires the power to fonnent itsolf, imr to 
produce fermentation in other liquids,* It is not, there- 
fore, in the interior of the gmpi' that tlm origin of the life 
observed in the vat ia to bo sought. 

What then is its true origin ? This is Pasteur’s an- 
swer, which his well-proved aceurncy renders worthy of 
all confidence. At the time of tlio vintage microscopic 
particleB are observed adherent, both to th«i outer surface 

• The liquids ol the hesltby snlmel tiody iil#«i frimi luU'Ctiil wm- 
tominatlon. Pure blood, lor oxempUi, tlmwn wlih duo |iriH-nuikmi« from the 
veins, will noTer term«Bt or patrsly in oonUwt with jnire »lr. 
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of the grape and of the twigs which support the grape. 
Brush these particles into a capsule of pure water. It is 
rendered turbid by the dust. Examined by a microscope, 
some of these minute particles are seen to present the ap- 
pearance of organized cells. Instead of receiving them in 
water, let them be brushed into the pure inert juice of the 
grape. Forty-eight hours after this is done, our familiar 
Torula is observed budding and sprouting, the growth of 
the plant being accompanied by all the other signs of ac- 
tive fermentation. What is the inference to be drawn 
from this experiment? Obviously that the particles ad- 
herent to the external surface of the grape include the 
germs of that life which, after they have been sown in 
the juice, appears in such profusion. Wine is sometimes 
objected to on the ground that fermentation is “artificial” ; 
but we notice here the responsibility of nature. The fer- 
ment of the grape clings like a parasite to the surface of 
the grape; and the art of the wine-maker from time im- 
memorial has consisted in bringing — and it may be added, 
ignorantly bringing — two things thus closely associated by 
nature into actual contact with each otlver. For thousands 
of years, what has been done consciously by the brewer 
has been done unconsciously by the wine-grower. The 
one has sown his leaven just as much as the other. 

Nor is it necessary to impregnate the beer-wort with 
yeast to provoke fermentation. Abandoned to the con- 
tact of our common air, it sooner or later ferments; but 
the chances are that the produce of that fermentation, in- 
stead of being agreeable, would be disgusting to the taste. 
By a rare accident we might get the true alcoholic fer- 
mentation, but the odds against obtaining it would he 
enormous. Pure air acting upon a lifeless liq^uid will 
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never provolce fennentation ; our ordinary air is the 
vehicle of numberleHn gorma whudi act aa fcrinonta when 
they fall into appropriate inCuHiona. Somo of them pro- 
dnce acidity, Bome putrefaction. The germa of our yeast- 
plant are also in the air; hut bo apariiif^ly <li«tril>uted that 
an inCusiou like boor-wort, expoBtul to tijo air, is almost 
Bvu'o to ho taken poHat'HHion of hy foroigu orKaniBuia, In 
fact, the maladioB of heor are wholly duo lt» tluj admixture 
of thoae ohjootionahle forinentH, whoHo forum and inodcB of 
nutrition dilTer materially from thoHo of tho true leaven. 

Working in an ntinosphoro ohargotl with tho germs of 
these organisms, you can umlorstiuul luiw tnmy it iw to fall 
into error in studying tho aetitm of any out> of them. In- 
deed it is only tho most acjcoinplishod isxporimonter, who, 
moreover, avails himself of evu-ry moHUH of ohooking his 
oonohisiuriH, that can walk without tripping through this 
land of })itfallH. Such a man the French ulimnist Pasteur 
has hitherto proved himself to he, lie has Uuight u» how 
to separate the coinmingled fermontH of our air, and to 
study their pure individual action, tluidod hy him, let 
us fix our attention more partieularly upon tho growth and 
action of the true yeast-plant under dilTerent t-onditions. 
Lot it he sown in a formentahle liquid, which is supplied 
with plenty of pure air. The jjlant will liourisU in the 
aerated infusion, and produce large (pjantitics of carlnmio 
aoid gas — a compound, as you know, of carlmn and oxy- 
gen. Tho oxygon thus oonsurned hy tlie plant is tho fme 
oxygen of the air, which wo suppoae to bo abundantly 
supplied to the liquid. Tho action is so fur similar to tho 
respiration of animals, which inspire oxygen and expire 
carbonic aoid. If we examine the litjuid oven when the 
vigor of the plant has reached its maximum, we hardly 
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find in it a trace of alcoliol. The yeast has grown and 
flourislied, but it has almost ceased to act as a ferment. 
^A.nd could every individual yeast-cell seize, without any 
impediment, free oxygen from the surrounding liquid, it 
is certain that it would cease to act as a ferment altogether. 

"What, then, are the conditions under which the yeast- 
plant must be placed so that it may display its character- 
istic quality? Eeflection on the facts already referred to 
suggests a reply, and rigid experiment confirms the sug- 
gestion. Consider the Alpine cherries in their closed 
vessel. Consider the beer in its barrel, with a single small 
aperture open to the air, through which it is observed not 
to imbibe oxygen, but to pour forth carbonic acid. 
"Whence come the volumes of oxygen necessary to the 
production of this latter gas? The small quantity of at- 
mospheric air dissolved in the wort and overlying it would 
be totally incompetent to supply the necessary oxygen. In 
no other way can the yeast-plant obtain the gas necessary 
for its respiration than by wrenching it from surrounding 
substances in which the oxygen exists, not free, but in a 
state of coinbination. It decomposes the sugar of the 
solution in which it grows, produces heat, breathes forth 
carbonic acid gas, and one of the liquid products of the 
decomposition is our familiar alcohol. The act of fer- 
xuentation, then, is a result of the effort of the little plant 
to maintain its respiration by means of comhined oxygen, 
when its supply of free oxygen is cut off. As defined by 
IPasteur, fermentation is life without air. 

But here the knowledge of that thorough investigator 
comes to our aid to warn us against errors which have been 
committed over and over again. It is not all yeast-cells 
that can thus live without air and provoke fermentation. 
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bonic acid giveti out. Uut Uto jmwiw «lid not, «md here. 
Aflor the oxygen had vanwlu'd, turluimi- acid, in consid. 
omble nuautitioH, euntiniUHl t»i bo oxhah<d by tho fruits, 
whioh at tho aaine tinio lost a juirluni of tionr augar, be> 
coming more acid to the tnaU*, tbongh the aUaidtito quan. 
tity of acid wan not uogmciibHl. 'riun whh an ol>Hi'rvation 
of capital iiuportnnco, and Hdrartl had the augacity to re- 
mark that the procesa might bo rogurdod a» a kind of 
formeutation. 

ThuH the living colls of fruits can abaorb oxygon and 
breathe out carbonia atnd, exactly like llio living cella of 
tho leaven of boor. HupjHtsing Uio acetw of oxygon sud- 
denly cut off, will the living fruit-coUa a« auddouly die, 
or will tluiy oontinuo to livo iwc yottal lives, by extracting 
oxygen from tbo saccharine juieoa romtd lUom? This is 
a question of extreme thwrotie aigmlleaneo. It was flrst 
answered afflrruativoly by the able ami eojudusivo oxpori- 
monte of Ijeoharlier ami Ilellanty, ami the answer was 
Bubaequeutly oonUnned and explained by the exjH'riments 
and the reasoning of Pasteur. Udrard only showed the 
absorption o! oxygen and the pnaluetion of enrltimie acid; 
Leohartier and Bellamy provtni the prrKluetion of nleolud, 
thus completing the evidence that it was a (nise t>f real 
fermentation, though the comm«>n aleoholie was 

absent. So full was Pasteur of tlu* idea tlmt the cells of 
a fruit would oontinuo to live at the exjHutse of llie stigar 
of the fruit, that once in his lalHiratery, wlob' eimv<’rsing 
on these subjocte with M. Bunins, ho exelaimed, “I will 
wager that if a grape be plungeil inUi an atimmpherc of 
carbonic acid, it will produce aUndud and earluinie acid 
by the oonliuued life of its own ooUs- that they will set 
for a time like the cells of the true alouhuUo leaven." He 
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made the experiment, and found the Jesuit to be what he 
had foreseen. He then extended the inquiry. Placing 
under a bell-jar twenty-four plums, he filled the jar with 
carbonic acid gas; beside it he placed twenty -four similar 
plums uncovered. At the end of eight days, he removed 
the plums from the jar, and compared them with the 
others. The difference was extraordinary. The uncov- 
ered fruits had become soft, watery, and very sweet; the 
others were firm and hard, their fleshy portions being not 
at all watery. They had, moreover, lost a considerable 
quantity of their sugar. They were afterward bruised, 
and the juice was distilled. It yielded six and a half 
grams of alcohol, or one per cent of the total weight of 
the plums. Neither in these plums, nor in the grapes first 
experimented on by Pasteur, could any trace of the or- 
dinary alcoholic leaven be found. As previously proved 
by Leohartier and Bellamy, the fermentation was the work 
of the living cells of the fruit itself, after air had been 
denied to them. When, moreover, the cells were de- 
stroyed by bruising, no fermentation ensued. The fer- 
mentation was the correlative of a vital act, and it ceased 
when life was extinguished. 

Liidersdorf was tlio first to show by this method that 
yeast acted, not, as Liebig had assumed, in virtue of its 
organic^ but in virtue of its organized character. He de- 
stroyed the cells of yeast by rubbing them on a ground 
glass plate, and found that with the destruction of the 
organism, though its chemical constituents remained, the 
power to act as a ferment totally disappeared. 

One word more in reference to Liebig may find a place 
here. To the philosophic chemist thoughtfully pondering 
these phenomena, familiar witii the conception of moleo- 
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■ukr motion, and tha changes produced by the interao 
tions o£ purely chemical forces, nothing could be moiSj 
natural than to boo in the prtH:eas of fermentation a simple 
illustration of molecular instability, the ferment propagat- 
ing to surrounding molooular groups the overthrow of its 
own tottering combinations. Broadly considered, indeed, 
there is a certain amount of truth in this the<iry; but 
Liebig, who propounded it, missed the very kernel of the 
phenomena when he overlooked or contemned the part 
played in fermentation by miorosot>pio life. He looked 
at the matter too little with tho eye of the hotly, and too 
much with the spiritual eye. Ho praetically nogleoted the 
miorosoopo, and was unmoved by tho knowledge which 
its revelations would have poured in upon his mind. His 
hypothesis, as I have said, was natural— -nay it was a 
striking illustration of Liebig’s imwor to penetrate and 
unveil molooular actions; but it was an em>r, and as such 
has proved an t^nis fatuug instead of a pharot to some of 
his followers. 

I have said that our air is full of tlie genua of fer- 
ments differing from tho alooholio leaven, and sometimes 
BoriouBly interfering with the latter, They are the weeds 
of this miorosoopio garden which often overshadow and 
choke the flowers. Lot us take an illustmtive case. Ex- 
pose milk to the air. It will, after a time, turn sour, sepa- 
rating like blood into clot and serum. Place a drop of 
this sour milk under a powerful miorosoopo and watch it 
closely. You see the minute butter-globules animated by 
tdiab curious quivering motion called the Brownian motion. 
But let not this attract your attention too much, for it is 
another motion that we have now to seek. Here and 
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there you observe a greater disturbance than ordinary 
among the globules; keep your eye upon the place of 
tumult, and you will probably see emerging from it a 
long eel-like organism, tossing the globules aside and 
wriggling more or less rapidly across the field of the 
microscope. Familiar with one sample of this organism, 
which from its motions receives the name of vibrio^ you 
soon detect numbers of them. It is these organisms, and 
other analogous, though apparently motionless, ones, which 
by decomposing the milk render it sour and putrid. They 
are the lactic and putrid ferments, as the yeast-plant is 
the alcoholic ferment of sugar. Keep them and their 
germs out of your milk and it will continue sweet. But 
milk may become putrid without becoming sour. Exam- 
ine such putrid milk microscopically, and you find it 
swarming with shorter organisms, sometimes associated 
with the vibrios, sometimes alone, and often manifesting 
a wonderful alacrity of motion. Keep these organisms 
and their germs out of your milk and it will never pu- 
trefy. Expose a mutton-chop to the air and keep it moist; 
in summer woatlier it soon stinks. Place a drop of the 
juice of the fetid chop under a powerful microscope; it is 
seen swarming with organisms resembling those in the pu- 
trid milk. These organisms, which receive the common 
name of bacteria,' are the agents of all putrefaction. Keep 
them and their germs from your meat and it will remain 
forever sweet. Thus we begin to see that within the 
world of life to which we ourselves belong, there is an- 
other living world requiring the microscope for its dis- 

' Doubtless orRanlBras exhibiting grave specific difEerenooa are grouped to- 
gether under this oommon name. 
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comment, but which, noverthelofis, hiu* U»« inoBt importani 
bearing on the welfare of the higher life world. 

And now lot u« roaaon logi'llier &« regards the origin 
of time bacUiria. A gmnulur jHiwiler m {ilaced in yoni 
hands, and you are naked U» KliiU} wlml il i«. You exam, 
ine it, and have, or have not, renaiut to suspwt that seecU 
of Bomo kind aw mixed up in it. 'I'o tleU'riuino this point 
you prepare a bml in your garden, «ow »n it the powder, 
and Boon after Und a mixed crop af dm'ka and daiatles 
sprouting from your IkkI, Until thia powtier waa sown 
neither docks nor tlustlea ever nmtle their appearance in 
your garden. You repeat the experiment oiu’e, twice, tea 
times, fifty timos. Fnnn llfty different hods afutr the sow- 
ing of Uie powder, you obtain Uiw «am« crop. What will 
be your response to the quoatiuu pniimseti to you? "I 
am not in a condition,’* you would »»ay, "Ui afflnn that 
every grain of the jmwder is a dwk-swMl, or a thistle- 
seedj but I am in a oondiUon to affirm that both dock 
and thistle seeds form, at all events, part ui the {mwder," 
Supposing a aucoesiuon of such jKJwdcrs to \w placed in 
your hands with grains bmmming gradually smaUor, until 
they dwindle to the sixe of impalpable dust particlw, as- 
suming that you treat them all in the same way, and 
that from every one of tlmm in a few days you obtain 
a definite crop — it may be clover, it may U« mustard, 
it may be mignonette, it may be a plant more tninute 
than any of these, the smallntwa of the particles, or of 
the plants that spring from them, Uimw not affect the 
validity of the oonoluaion. Without a shiulow of mis- 
giving you would conclude that the powder must have 
ooutained the seeds or genns of the life observed. There 
is not in the range of physieid soienoe an experi- 
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; more conclusive nor an inference safer than this 

upposing the powder to be light enough to float in 
air, and that you are enabled to see it there just as 
ily as you saw the heavier powder in the palm of 
hand. If the dust sown by the air instead of by the 
[ produce a definite living crop, with the same logical 
• you would conclude that the germs of this crop 
; be mixed with the dust. To take an illustration: 
spores of the little plant Penicillium glaucum, to 
h I have already referred, are light enough to float 
le air. A out apple, a pear, a tomato, a slice of vege- 
I marrow, or, as already mentioned, an old moist boot, 
jh of paste, or a pot of jam, constitutes a proper soil 
;he PenioilKum. Now, if it could be proved that the 
of the air when sown in this soil produces this plant, 
0, wanting the dust, neither the air, nor the soil, nor 
together can produce it, it would be obviously just 
jrtain in this case that the floating dust contains the 
IS of Penicillium as that the powders sown in your 
on contained the germs of the plants which sprung 
. them. 

lut how is the floating dust to bo rendered visible? 
his way. Build a little chamber and provide it with 
lor, windows, and window-shutters. Let an aperture 
:vado in one of the shutters tlirough which a sunbeam 
pass. Close the door and windows so that no light 
I enter save through the hole in the shutter. The 
c of the sunbeam is at first perfectly plain and vivid 
he air of the room. If all disturbance of the air of 
chamber bo avoided, the luminous track will become 
:er and fainter, until at last it disappears absolutely. 


and no trace of tUt* hcarii i» to »wn. What ititidewd 
the beiun vinibU' ul lirj^iV 'rite Itnutmg dunl of the nir, 
which, thus iHuininattoil anti obscrviHi, la tut palpable to 
t«m»o ftH dual tir jxiwdcr pltuuMi on th« pahn of the haad. 
In the Hlill air the dunt prailttully ninkit to the floor or 
etickrt to the walln and cethng, until Ihially, by this self- 
clcariHing jh'im'chk, the air ia cuUndy fm-d from rooohan- 
ically HUHpt'iidtHl matter. 

Th«a far, 1 think, we have matle our f«a>ting nuro. Let 
UH procoed. Chop up a Iwefaleak and allow it to romaia 
lot two or tliree hours just eovereil with warm water; you, 
tliiu! extract the* Juice of the beef in a concenlratotl form. 
By prtipcrly boiling the lujuul aiut llUi-nug it, yeeu cen 
obtain from it a iKsrftwtly tnmsparenl lasd tea. K.'ijKmo a 
number of v«w*lii containing this t«'a to tlie moUdeiw air 
of your clmmlwr; and exjKuto a miinlwr e»f vessels eon* 
taining juwimdy the saimi liejnid to the dust larbm air. 
In throe days every on«* etf the latter sunUs. ami, exam- 
ined with the inicroscojH', every one of them is found 
swarming with tlu* baetonn of puircfaeinm. y\fter three 
montlis, or thrtu© yeiira, the beef-tea within the ehamfaor 
is found in every ease ns sweet uiel eleur, and ns freo 
from bacteria, as it was at the moineul when it was llrst 
put in. There is absolutely no ddferenee briween the air 
within and that without save that the one is iliisilens and 
tlia other dust-laden. (Jlineh the eapenmenl ihuH; ()]>en 
tho door of your chamber luul allow the dust to entor it 
In three days afterward you have every vessel within thr 
obamber swarming with Imctoria, and in n sUtto of aetivt 
puferftfaotaou. Here, also, tlie iuforonee ill fjuilr tw rf’tUui 
as m til© ©as© of th© jH>wdor iowo in jnnr ganlmu Mul 
tiply your proofs by bwlding fifty chambers instead o 


FERMENTATION 


285 


one, and by employing every imaginable infusion of wild 
animals and tame; of flesh., fi^h, fowl, and viscera; of 
vegetables of the most various kinds. If in all these 
cases you And the dust infallibly producing its crop of 
bacteria, while neither the dustless air nor the nutritive 
infusion, nor both together, are ever able to produce this 
crop, your conclusion is simply irresistible that the dust 
of the air contains the germs of the crop which has ap- 
peared in your infusions. I repeat there is no inference 
of experimental science more certain than this one. In 
the presence of such facts, to use the words of a paper 
lately published in the “Philosophical Transactions,” it 
would be simply monstrous to afflrm that these swarming 
crops of bacteria are spontaneously generated. 

Is there then no experimental proof of spontaneous 
generation? I answer without hesitation, none I But to 
doubt the experimental proof of a fact, and to deny its 
possibility, are two different things, though some writers 
confuse matters by making them synonymous. In fact, 
this doctrine of spontaneous generation, in one form or 
another, falls in with the theoretic beliefs of some of the 
foremost workers of this age; but it is exactly these men 
who have the penetration to see, and the honesty to ex- 
pose, the weakness of the evidence adduced in its support. 

And here observe how these discoveries tally with the 
common practices of life. Heat kills the bacteria, cold 
ttumbs them. When my housekeeper has pheasants in 
charge which she wishes to keep sweet, but which threaten 
to give wayi she partially cooks the birds, kills the inf 
bacteria, and thus postpones the evil day. By boil 
milk she also extends its period of sweetness. Some 
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ago in the Alps I ^ exp'riinentii on the infix,, 

eiico of cold upon ant«. 'rUnugh tJio pun ww atrong, 
patolios of snow still maint»ino'l thomMi-lvos on the moun- 
tain slopes. The ants wore fowntl in the warm grass safi 
on tho warm rooks atljaceni. Tninafvrrotl Ui the snow the 
rapidity of their parnlyais wits »uri>nsing. In a few seo- 
ends a vigorous ant, after a fow htiiguid stniggles, would 
wholly loHO its power of UK'tnm»iH*» ami lie prueticnlly 
dead upon tho snow. Tranaforretl |4» the warm rook, it 
would revive, to ho again smitMoi wnh ileath-liko muub- 
ness when retransferrtsl tr» th«^ «n«>w. Wlmt is true of the 
ant is spooially true of our haoieria. Tlunr aotive life i« 
Busponded hy cold, an<l with it their |«)w«f of pmducing 
or continuing putrefactitm. This is tho whole pliiloso* 
phy of the prosorvation of meat hy eidd. 'I’he lishninin 
gcr, for example, when ha surrmuub his very assailahlo 
wares hy lumps of ice, stays the pnawss of pulrefactiun 
by reducing to numhiioss and imwtiun the organisms wluuh 
produce it, and in the abstmee of wliieh his hah would re- 
main sweet and sound, ft is tho astonishing activity iitUi 
which these baoteria are puahetl by warmth that rmnhirsa 
single summer’s day aoraetirnr* mi disMlrous to tho grtiat 
hutohors of London and CJtogow, The hmUes of guiiies 
lost in tho orovasses of Aljiino glaoiers havo como to the 
surface forty years after their inlorment, without the UchIi 
showing any sign of putrefaotian, Jtut the m«mt ii»t«nus!i- 
ing case of this kind is that of tho hairy elephant of Si- 
beria which was found iuoaoed in jisn. It had boon hunml 
for ages, hut when laid hare ite flesh wm sweet, atnl for 
some time afforded oopiems nutriment to the wild beasts 
which fed upon it. 

Beer is assailable hy all the oj^ahimi her® rtsfomid to, 
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some of wMcli produce acetic, some lactic, and some bu- 
tyric acid, while yeast is open to attack from the bacteria 
of putrefaction. In relation to ^ the particular beverage 
the brewer wishes to produce, these foreign ferments have 
been properly called ferments of disease. The cells of the 
true leaven are globules, usually somewhat elongated. 
The other organisms are more or less rod-like or eel-like 
in shape, some of them being beaded so as to resemble 
necklaces. Bach of these organisms produces a fermenta- 
tion and a flavor peculiar to itself. Keep them out of 
your beer and it remains forever unaltered. Never with- 
out them will your beer contract disease. But their germs 
are in the air, in the vessels employed in the brewery; 
even in the yeast used to impregnate the wort. Con- 
sciously or unconsciously, the art of the brewer is directed 
against them. His aim is to paralyze, if he cannot anni- 
hilate them. 

Eor beer, moreover, the question of temperature is one 
of supreme importance; indeed, the recognized influence 
of temperature is causing on the continent of Europe a 
complete revolution in the manufacture of beer. When 
I was a student in Berlin, in 1851, there were certain 
places specially devoted to the sale of Bavarian beer, 
which was then making its way into public favor. This 
beer is prepared by what is called the process of low fer- 
mentation; the name being given partly because the yeast 
of the beer, instead of rising to the top and issuing through 
the bunghole, falls to the bottom of the cask; but partly, 
also, because it is produced at a low temperature. The 
other and older process, called high fermentation^ is far 
more handy, expeditious, and cheap. In high fermenta- 
tion eight days suffice for the production of the hem; m 
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low fomentation, ton, ilftecn, even twenty days are foxind 
noceaaary. Vast quuntitiea oC ieo, moreover, are oonsumed 
in the prooewi of low fonnentation. In the aingle brewery 
of Breher, of Vienna, a Inmdnnl millijm poumls of ice are 
consumed annually in cooling the wort atui beer. Not- 
witbstandiug these obvicms and weighty dniwbiu'ka, the 
low fovimmUition is rapidly displiimng the high upon 
tho (Jontiueut. Hero are s«*me stotislius which show the 


number of brt'weritm of boUi 

kintk 

existing 

in Buhamia 

in 1860, 1865, and 1870: 
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Thus in ten years the nuinlmr of high-fermentation 
breworiea fell from to 18, while tlu^ nutnlM*r of low- 
fomentation breweries rt>*e from 185 to 8H1. The sole 
roason for this vast change-- a change which involves a 
groat expenditure of time, lalmr and money -is the addi- 
tional command which it gives the hrewor over tho for- 
tiiitouB formento of diseasti. Tliwti ferments, which, it 
is to bo romemberod, are living organisms, have llteir ac- 
tivity snaponfled by temperatimss below lO" C., amt as 
long ns tboy aro roduoed to torpor tiio beer remains mi- 
tainttid cither by acidity or putrefaction. The beer of low 
fementation is brewed in winrer, and kept in cool cellars; 
the brewer being thus ©imViled to dispose of it at his 
leisure, instead of forcing lt« consumption to avoid the 
loss involved in ita alteration if kept loo long. Hops, 
it may be remarked, act to some exkmt ns nn antiscpiio 
to beer. The essential oil of the hop is baetericidid : hmico 
the Btrong impregnation with hop jmoa of all beer inurndwl 
for exportation. 
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These low organisms, which, one might be disposed to 
regard as the beginnings of life, were we not warned that 
the microscope, precious and perfect as it is, has no power 
to show us the real beginnings of life, are by no means 
purely useless or purely mischieyous in the economy of 
nature. They are only noxious when out of their proper 
place. They exercise a useful and valuable function as 
the burners and consumers of dead matter, animal and 
vegetable, reducing such matter, with a rapidity otherwise 
unattainable, to innocent carbonic acid and water, fur- 
thermore, they are not all alike, and it is only restricted 
classes of them that are really dangerous to man. One 
difference in their habits is worthy of special reference 
here. Air, or rather the oxygen of the air, which is 
absolutely necessary to the support of the bacteria of 
putrefaction, is, according to Pasteur, absolutely deadly 
to the vibrios which provoke the butyric acid fermenta- 
tion. This has been illustrated by the following beautiful 
observation. 

A drop of the liquid containing those small organisms 
is placed upon glass, and on the drop is placed a circle 
of exceedingly thin glass; for, to magnify them suffi- 
ciently, it is necessary that the object-glass of the micro- 
scope should come very close to the organisms. Pound 
the edge of the circular plate of glass the liquid is in con- 
tact with the air, and incessantly absorbs it, including the 
oxygen. Here, if the drop be charged with bacteria, we 
have a zone of very lively ones. But through this living 
zone, greedy of oxygen and appropriating it, the vivifying 
gas cannot penetrate to the centre of the film. In the 
middle, therefore, the bacteria die, while their periphe:^! 
colleagues continue active. If a bubble of air oha^nc^ to 

SOIEIfOE — ^YI— 13 
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bo oncloHOil in tho flhn, nnnni it tin' Imctoria will pirou. 
otto ami wabUio imlil it^* (txvKoij iutn Itcou uliHurhed, after 
which all their motions^ coimo. Pm-molv tlu* rovorao of all 
this occui's with the vitiri«»« nf hutvrio m-nl. In their caae 
it is the jierijiheral orgHiiiHinH that urn lir.-il kiil<ai, the cen- 
tral ones n'tiiainiii}.t \if-;<iritus wiale rnisM'd hv a '/.one of 
(liaul. I’usU'.ttr, umreiiver, lilhal two m-mm-Is with a liquid 
contuiniiiK these vibrios; llii<>Uf.;h one ves.'^i-l he led air, 
and killed its vibrios in half an hour; Ibiou^-li the other 
ho led oarhonks acid, amt after three hoiUH fouml the vib- 
rios fully active. It was while idtservuig the.se dilloronces 
of deportment llfleen years ago that the thought of life 
without air, ami its bearing upon tlm tbeory of hirmenta- 
tion, flaahod upon tbe inimi of this ndtiitrable iuvestigaUtr. 

Wo now approach an aspect of this tjuesiion which eon- 
oerns us still more closely, and will be bi*si illustrntod 
by an actual fact. A few years ago I was bathing in an 
Alpine stream, and returning to niv eluthes from the caa- 
cade which had boon nty shower Imili, 1 shpjwd upon a 
block of granite, the sharp crysuds of wlueh stauquHl them- 
BolvOB into my naked shin. The wound was an awkwartl 
ono, Imt being in vigorous health at the lime, I hoped 
for a speedy recovery. Dipping a eloan poekel Itamlkor- 
ohiof into the stmarn, I wnipiunl it r«iund the wound, 
limped home, and romaiued for four or ttnys nmetly 
in bod, Tliero was no pain, and at the end of tins lime 
I thought luysolf quite Hi to quit my room. 'I’he wound, 
■wheB. unoovered, was found perfectly idemi, unmllatnml, 
and entaroly free from matter. I’laeing «>ver it a bit of 
goldbeater' B*ikin, I walked about all day. 'I’ownrd even- 
ing itching and k^t were felt; a largo ttccmuulalum of 
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matter followed, and I was forced to go to bed again, 
Tbe water bandage was restored, but it was powerless to 
check the action now set up; arnica was applied, but it 
made matters worse. The inflammation increased alarm- 
ingly, until finally I had to be carried on men’s shoulders 
down the mountain and transported to Geneya, where, 
thanks to the kindness of friends, I was immediately 
placed in the best medical hands. On the morning after 
my arrival in Geneva, Dr. Gautier discovered an abscess 
in my instep, at a distance of five inches from the wound. 
The two were connected by a channel, or sinus^ as it is 
technically called, through which he was able to empty 
the abscess, without the application of the lance. 

By what agency was that channel formed — what was 
it that thus tore asunder the sound tissue of my instep, 
and kept me for six weeks a prisoner in bed? In the 
very room where the water dressing had been removed 
from my wound and the goldbeater’s-skin applied to it, 
I opened this year a number of tubes, containing perfectly 
clear and sweet infusions of fish, flesh, and vegetable. 
These hermetically sealed infusions had been exposed for 
weeks, both to the sun of the Alps and to the warmth 
of a kitchen, without showing the slightest turbidity or 
sign of life. But two days after they were opened the 
greater number of them swarmed with the bacteria of 
putrefaction, the germs of which had been contracted from 
the dust-laden air of the room. And had the matter from 
my abscess been examined, my memory of its appearance 
leads me to infer that it would have been found equally 
swarming with these bacteria — that it was their germs 
which got into my incautiously opened wound, and that 
they were the subtile workers that burrowed dowii mj 



Bhhi, ilujj; Uhi HimecBB iti 1113* iiwU'p, nmJ jirtHlucod effects 

■whiclt jiuKht t‘n«ily havi* pnivi'il fuUl. 

Tlu» iijiparent di>?nwii>n lirn«s?« «h fui’t' to fuce with the 
laburH of a ttmu wl»t i-cniiltittf** tin* pfiu-lnilmu of the true 
thooriHt wills tho nksll nitil t’tai.on'itli-nthSio.xH of tins true ex- 
poriimutlfi*, usul wimm* pnu'tsii' sh oih’ cosilsitsiiul doissoB- 
Hlmliuis of Usi* lliforv tluil iho pssUrfiU'lsois of wousids is 
Us Ists sivorlodi by Uif tli'Klnu-lsoii i»f llii' t^i'riisH «sf biieteria. 
Not only frssiis hirt «swn rwpssrtis of bo* oiiMori, btsl from the 
roporUi of oiisimsnt nson win* hsivo vimlod htn his«p$tiil, and 
from the opiniouB osprs'snswl to ino by surgeons, 

do I gnthor that tsisr of tho giviiloBt jstU’pa i*v«'r tsmilo its the 
art of Hsirgisry wuh ilso isslnKhtoliojs of the imliHoptic sys- 
tem of treatinoTit, introshuHsii by I’ri'fi'sisor Linlor. 

The intertsHt of this subjoi-l tbst's lost slui’ktm as we 
proceed. Wo Isogan with tlio cherry funk ami hesor-vat; 
w© end with tho IsihIv of mats. There are pemnm borti 
with the power of intorproting imlural faem, na there are 
othora araitten with overliiHliitg iiietsiupeloneo in regard to 
•uoh iaterpretation. To the former elana ut an ouiiuont 
degree belonged the illuatriou* philosispher Uolmrt Boyle, 
whose wolds in relation to this subject have la thorn llxi 
foreoaat of prophecy. “Ami lot me mid,” writes Boyh 
in his “Essay on tlie Patholugiiml l*art of I’hysik,” “tha 
he that thoroughly understamls tlio naturo of feriuouti 
and fermentaUona shall probably bo muoh better able thai 
h© that ignores them, to give a fair arofmat of diver 
phenomena of several diseases (as well fovors as othors' 
wbi(^ will perhaps be never properly uadomloud withou 
an insight into the dootriao of formoatations. “ 

Two hundred years have passed simu» these prognai 
words were written, and it is otdy in this our tlay thi 
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tien are beginning to fully realize their truth. In the 
[omain of surgery the justice of Boyle’s surmise has been 
aost strictly demonstrated. But we now pass the bounds 
if surgery proper, and enter the domain of epidemic dis- 
ase, including those fevers so sagaciously referred to by 
Joyle. The most striking analogy between a contagium 
nd a ferment is to bo found in the power of indefinite 
elf-multipUcation possessed and exercised by both. You 
mow tlio exqxiisitoly trutliful figures regarding leaven em- 
•loyod in the New Testament. A partiolo hid in three 
loasuros of meal leavens it all. A little loavcm loavonoth 
ho whole lump. In a similar manner, a particle of con- 
•xgium spreads through the hixman body and may bo so 
aultipliod as to strike down whole poj)ulations. Consider 
lie effect produced upon tho system by a mioroscopio 
uantity of the virus of smallpox. That virus is, to all 
atents and purposes, a seed. It is sown as yeast is sown, 
t grows and multiplies as yeast grows and multiplies, and 
t always reproduces itself. To Pasteur wo are indebted 
or a scries of masterly roscarohoa, wherein lio exposes the 
ooseness aud gxmcral baselessness of prevalent notions re- 
larding tho transmutation of one ferment into anotlier. 
le guards himself against saying it is impossible. Tho 
rue investigator is sparing in tho use of this word, though 
ho use of it is unsparingly ascribed to him; but, as a 
latter of fact, Pustour has never boon able to effect the 
lleged transmutation, while ho has been always able to 
loint out tho open doorways through which the affirmors 
f such transmutations had allowed error to march in 
ipon them.’ 


* Those w)io wish for an ilhiHlration of tho car© nocossarj in thoa© re- 
Darches, and of tho caroleaHiiesH with which they have in aotn© casoa boon 
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Tho grout wmroo i>r i*rn»r lit-ro liuw Ihhsii already al- 
ludoil to in tliia diticourae. 'I’lie otmcrverH worked iu an 
atinoHpkore charged witl> the gernm oC dUl'ereul orgatiiamB; 
the mere accident of tirnl {tosHenHion n-iulering now one 
crganiain, now another, trinnuiluinl. In dilTcrunt sttigoa, 
moreover, of ita fonnenUitive or joitrefuetivo eluingcR, the 
name iuruHion may ho alter loi to he BiieeeHHively taken 
poHHCH«ion of liy diiTereul tirgnniHUiH. Siieh raaea have 
hocn adduced to hIiow that the earlit'r orKuidHinH must 
have boon transformed into the later ojh'S, wherejis they 
are simply cosoh in which dilTerent geniw, heeiitiso of 
changes in the infusion, render themselveH valid at tlifler- 
ont times. 

By teaching us liow U> eultivule eaeli fermmit in its 
purity— -in other wonis, by Umehing ns how to rear the 
individual organism apart from all others- Pushuir has en- 
abled UH to avoid all these errors. And where this isola- 
tion of a particular organism lias been duly clTeeted it 
grows and multiplies imlennilely, hut no elinnge of it 
into another organism is over ohsorved. In Pasteur’s re- 
searohea the Bacterium remained a Biwjtoriurn, the Vibrio 
a Yibrio, tho Pcnioilliutn a Penicillium, and tho Toriila a 
Torula. Sow any of tlujso in a state of purity in an ap- 
propriate liquid; you get it, and it alono, in tho sulmo- 
quent crop. In like manner, sow sinalljHix in the huniun 
body, your crop is sniallpox. Sow thoro scurlaliita, and 
your crop is scarlatina. Sow typhoid virus, your crop is 
typhoid—oholera, your crop is cholera. Tho disease, bears 
as constant a relation to its oontagium os tho microst’ojiio 
organisms just enumerated do to their germs, or imlood as 

oondttolied, wffl do well to oonsnlt Uie B«v, W. It. oxroUwii "Ninoe 

oaHeterogeuefile*' la tlxe Ootober uumber ol the **I*opulw Beiouco llovlow." 
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a thistle does to its seed. No wonder then, with analogies 
so obvious and so striking, that the conviction is spread- 
ing and growing daily in strength, that rci^roductive para- 
sitic life is at the root of epidemic disease — that living 
ferments finding lodgment in the body increase there and 
multiply, directly ruining the tissue on which they sub- 
sist, or destroying life indirectly by the generation of 
poisonous compounds within the body. This conclusion, 
which conics to us with a prcsuiuptiou almost amounting 
to demonstration, is clinched by tlio fact that virulently 
infective diseases have been discovered with which living 
organisms arc as closely and as indissolubly associated as 
the growth of Torula is with the fermentation of beer. 

And lioi’e, if you will permit me, I would niter a word 
of warning to woll-mcaiiing pcoi^le. Wo have now reached 
a phase of this question when it is of the very last impor- 
tance that light should once for all be thrown upon the 
manner in which contagious and infectious diseases take 
root and spread. To this end the action oj: various fer- 
monts upon the organs and tissues of the living body must 
be studied; the habitat of each special organisra concerned 
in the production of each specillc disease must bo deter- 
mined, and the mode by which its germs are spread 
abroad as sources of further infection. It is only by such 
rigidly accurate inquiries that we can obtain final and 
complete mastery over these destroyers. Hence, while 
abhorring cruelty of all kinds, while shrinking sympa- 
thetically from all animal sujEEering — suffering which my 
own pursuits never call upon mo to inflict — an unbiased 
survey of the field of research now opening out before 
the physiologist causes me to conclude that no greater 
calamity could befall the human race than the stoppage 



2flft mAQMiExm or Brirx(*K 

of axjK^runontiil iiujuirt in ilimniuiu A Imly i^liose 
}»hiliuithrupy hm rrn«lt’rr4 lirr tlhmlnouH mhl to me some 
iiiuo ago ihiit Hineimo wiiH l^vuuun^t itiuiiurn!; thut the re- 
mmrolum of tho pant, nntikn tlon^r u{ tlw prr^tnii, were oar- 
rUnl on witlnmt rriu^Ify. I rrp!i«^«i in hrr tluii the soiotice 
of Koph^r Htnl Kewtuii, t«i m'hh'h #^lio rt*frrro«lj (huUt with 
tlui kw^ iuhI phtnitniiouii i»f finturo; butUmtone 

gmat atlvnrioti laink by fjoiiirrii m^lrtiw ‘vvaH in the three- 
tioii of biology, <*r tho of lifts niul that in thk 

new dtroaticH'i ioientitio iistpsiry, iil liu^ taitnet pur- 

iued at tJiio eaiit of «rinit^ tosnpornry roiiyrriiig, wt>uUl in the 
inul prove a thonmunl ti!iiri4 iio»ro b««iH.‘!ifrni limn it Imtl 
over hilhorlo boon. I itiiiil iUm b»'fuii?n- I that the 
very .rammrolitia wbioh Iho lady ilrpivrao-d woro Umdin^ 
m to iUoh a kuawtinlgo of opitlioni*’ il will on 

nhla tiH Ihuilly to awrrp ihnw i*soMurgr.H of ihn liuniiin rain 
from the fatm <jf the rarlh. 

Thii m a pt)int of ^ttoh tmpilnl iiiiportaiuM^ ihnt I nhouh 
like to bring it homo to your inlitlhgrit^’o )»y a i^ingh’ tnmt 
worthy illttstralion. In iHi'ilh two «!iriiingur^dH?ii Krone' 
obiorvert, MM. Ikvaitme and Wayrr. SK 4 it’«Hi m iho hlou 
of animals which had diotl of tho virutrnt dinoast* oalle 
aphnic fev^r small mieroacopic orgiiiiism.H r«*i4mulding triuii 
parent rods, but naither of them at tliiit timo aitiuditnl an 
signifioano© to tho olservaticnu In iHdl, Iki^tour pul 
lishad a memoir on the fennentation of biitync iioit 
wherein ho dasoribecl the organism which pniv«»kful i 
fmd after reading this momair it aecurrmi to Davninr 
that iplenio fever miglit bo a tmso of fermrntalion r 
withba ikt animal body by the organisms which bud her 
observed by him and Eayer. This idea hm Imen 
beyond all doubt by subiequent 
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Observations of the highest importance have also been 
made on splenic fever by Pollonder and Brauoll. Two 
years ago, Dr. Bnrdon Sanderson gave us a very clear 
account of what was known up to that time of this dis- 
order. With regard to the permanence of the contagium, 
it had been proved to hang for years about localities 
where it had once prevailed; and this seemed to show 
that the rod-like organisms could not (sonstitnto the eon- 
tagium, because their infective powcu- was found to vanisli 
in a few weeks. But other facts osUiblished an inliinatn 
connection between the organisms and the dmease, so that 
a review of all the facts ' caused Dr. Sanderson to conclude 
that the contagium existed in two distinct forms: the one 
“fugitive” and visible as transparejit rods; the other per- 
manent but “latent,” and not yet brought within the 
grasp of the microscope. 

At the time that Dr. Sanderson was writing this re- 
port, a young German physician named Koch,' occupi(stl 
with the duties of his profession in an obscure country 
district, was already at work, applying, during his spare 
time, various original and ingtmious deviees to tlus in- 
vestigation of splonio fever. lie studied the habits of 
the rod-like organisms, and found the aeptoous humor of 
an ox’s eye to be particularly suitable for tludr nutrition. 
With a drop of the aqueous humor ho mixed the tiniest 
speck of a liquid containing the rods, placed the drop un- 
der his miorosoope, warmed it suitably, and observed the 
subsequent action. During the first two hours hardly any 
change was noticeable; but at the end of this time t!je 
rods began to lengthen, and the action was so rapitl that 

' This, I believe, was the first relerenoe to the rtmettrehos of Kia-lt tsiulo Ui 
this oouatiy. 1818 . 
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at tlio end of three or f(tur lumrf* lln-jv atUiinod from ten 
to twenty timoH tlieir ori^dnal length. At the end of a 
fow additional hours they htul forined iiluments iii many 
ORBcw » hnndre.il times the length of tlu^ original roda 
The samo lihnnent, in fnel, wsm fn-qiiently olmervod to 
streteh through severul (iehls of the iniertiHtutjii!. Some- 
timt's they lay in straight lines panillel to eaidi other, in 
other oastis they wort! Inmt, twisted, und i:oileii into the 
most gruoeful ligures; while sometiines they formed knots 
of such bewildering comjiloMty that it was imiiossible for 
the eye to trace Urn imhvidnal lihunents through the con* 
fusion. 

Had the observation emled here an inU’it'sting scion* 
tiflo faot would have been adtied to our pri'vioua store, 
but the addition would have Isnsn td lilUe jTimlieal value. 
Koe.li, liowever, eoiitiiiued to wnteh the JilnmetitH, ami after 
a time notieeil little dots appejiriug within them. These 
(lots VioeauK' iruu'e and more (ii.Htinel, until liimlly the whole 
length of tho organism was studded with minuUt ovoid 
bodioB, whioh lay within the onU'r integument likti peas 
within their shell. By and by the integtiment fell to 
picscses, tho plane of tho cmganisins Iming taken by a long 
row of aeods or sportm, Thtvas <tl»iK!rvutionK, whicdi were 
oorvflmed in all respotsU* by the ordobrntml uatimrlist, Cohn 
of Breslau, are of tins highest importanee. They (dear up 
tho existing perplexity regarding the latent and visihlo 
contagia of splenic fevor; Cor in tho most oonolusivo man- 
ner Kooh proved the spores, as distinguished from tlio 
rods, to (sonstitute the contaginm of tho fover in its most 
deadly and persistent form. 

How did he reach this important n^sult? Mark tho 
answer. There was but one way open to him to tost the 
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activity of the contagium, and that was the inoculation 
with it of living animals. He operated upon guinea-pigs 
and rabbits, but the vast majority of his experiments were 
made upon mice. Inoculating them with the fresh blood 
of an animal suffering from splenic fever, they invariably 
died of the same disease within twenty or thirty hours 
after inoculation. He then sought to determine how the 
contagium maintained its vitality. Drying the infectious 
blood containing the rod-like organisms, in which, how- 
ever, the spores were not developed, he found the con- 
tagium to bo that which Dr. Sanderson calls “fugitive.” 
It maintained its power of infection for five weeks at the 
furthest. Ho then dried blood containing the fully-devel- 
oped spores, and exposed the substance to a variety of 
conditions. Ho permitted the dried ])lood to assume the 
form of dust; wotted this dust, allowed it to dry again, 
permitted it to remain for an indefinite time in the midst 
of putrefying matter, and subjected it to various other 
teats. After keeping the spore-charged blood which had 
been treated iti tliis fashion for four years, he inoculated a 
number of mice with it, and found its action as fatal as that 
of blood fresh from the veins of an animal suffering from 
splenic fever. There was no single escape from death after 
inoculation by this deadly contagium. Uncounted millions 
of these spores aro developed in the body of every animal 
which has died of splenic fever, and every spore of these 
millions is competent to produce the disease. The name 
of this formidable parasite is Bacillus anihracis.' 


' Koch found that to prodiico Hh cliaractorislic oiTocts tho contagium of 
splenic fovor must outer tho blood ; tho virulently infoctlvo sploon of a diaoaaod 
animal may bo eaten with impimliy by mico. On tho other hand, the disease 
refusoa to be communicated by inoculation to dogs, partridges, or sparrows. In 




800 


FHAGMENW OF SCIKNCE 


Now tbo very flrHt Rtcp t<iwani the oxtir[)atton of these 
coutagia is the knowlodgo of tluur nature; and tho knowl- 
edge brought to UH by Dr. Km-.h will render uh certain the 
stamping out of splenic fevor as tho stoppngt! of tho plagae 
of pShrint; by tho rcHcarches uf PuKUmr.' Oiio small item 
of HtatisticB will show what this ituplios. In tho single 
district of N(»vgortMl in Hussin, botwcon the yoars 1887 
and 1870, over lifty-six tliousand cnai'S of death by ajdomo 
fovor, among horses, cows, and sheep wen» rtH'.oriled. Nor 
did its ravagtis coniine thenmelves Ui the. animal world, for 
during tho time and in the district referred to, live hun- 
dred and twenty-t'ight human Iminga juM'ishml in t!m ago- 
nies of the same disease. 

A description of tho fevor will help you to eorne to a 
right dooision on tlm point which I wisli to submit to 
your oonsideratiun. "An animal,” says Dr, llurdon San- 
dorsoii, '‘whitdi perhaps for the previous day lias ileclined 
food and shov/n signs of gcueml disturbance, begins to 
shudder and to have twitches of the' muHe!c.H of the hack, 
and soon after becomes weak and listless. In the meau- 
tim,e the reBplratiou becomes freqatmt and ofU'u dillUndt, 
and the temperature rises throe or four degrees nlsive the 
normal; but stmn convulsions, affecting ohiefly the muscles 
of tlie back and loins, usher in the final oollnpso tif which 

thoir blood BaciUus mihrmin to mi m ^ fttnwtii. atimnmoml 

mom than six yoars ago tho of vlbriim of tjiw silkwonn dlsoasa 

eaU^d both by flsalo« ^4 by Ho also somo n«ns.rksbli 

oxpadmeuts on tho poramnonoi of Uio csmtaglum iu tho form t*f sptiroc Hiio 
“fitudOB sur la Makdia dm Tera i Bok/* pp. lent and 

' Surmising that the Immunity enjoytwl by Wrds might arise fr<mi tho heat 
of their bloody wWoh deetroyed the Fastwir Iwweititl their temperature 

artificially, Inooukted and Mkd ihmn. Ht $dmt the temf»emture 

of gtdneacpl|i alter baoouktlon, and mvml thm%. U ia needle u* dwell tor « 
moment on the Importance of thk experimenu 
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the progress is marked by the loss of all power of moving 
the trunk or extremities, diminution of temperature, mu- 
cous and sanguinolent alvine evacuations, and similar dis- 
charges from the mouth and nose.” In a single district 
of Bussia, as above remarked, fifty-six thousand horses, 
cows, and sheep, and five hundred and twenty-eight men 
and women, perished in this way during a period of two 
or three years. What tlio annual fatality is throughout 
Europe I have no moans of knowing. Doubtless it must 
1)0 very great. Tlie question, tlion, winch I wish to sub- 
mit to your judgment is this: Is the knowledge which re- 
veals to US tlio nature, and which assures the extirpation, 
of a disorder so virulent and so vile, worth the price paid 
for it ? It is oxcocdingly important that asscmblios like 
the present should b(jo clearly tlio issues at stake in such 
questions as this, and that the properly informed sense of 
the community should temper, if not restrain, the rashness 
of those who, meaning to be tender, become agents of 
cruelty by the imposition of short-sighted restrictions upon 
physiological iTivostigations. It is a modern instance of 
^eal for (rod, but not according to knowledge, the ex- 
cesses of which must be corrected by an instructed public 
opinion. 

And now let us cast a backward glance on the field we 
have traversed, and try to extract from our labors such 
further profit as they can yield. JFor more than two thou- 
sand years the attraction of light bodies by amber was the 
sum of human knowledge regarding electricity, and for 
more than two thousand years fermentation was elfected 
without any knowledge of its cause. In science one dis- 
covery grows out of another, and cannot appear without 
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its proper antococlout. TIiuh, Itoforo fermontiition coul 
1)0 luuloratood, tlio microw’opo hail to bo iuvontod, an 
brought to a considorablo dogroo of porfootian. Note th 
growth of knowledge. Louuwonhook, in ItiHO, found yeas 
to bo a mass of floating globuloa, but ho had no notioi 
that the globules wore alive. This was proved in 188 f 5 b; 
Oagniard do la Tour and Behwiinn, Then camo tlio quos 
tion. as to the origin of such nderoseopio orgajUHins, anc 
in this oonneotion tlio inomoir of Piwteur, published in 
tlio "Annales do OUimio" for 18 ( 12 , is the inaugunitien ol 
a new epoch. 

On that invofltigatiou all Pasteur's subsequent labors 
woro based. Kuvuges hud over and over again oeuurred 
among Prenoh wines. There was no guaniutoo that they 
would not bocoino aedtl or bitter, purtieulurly when ox- 
ported. The commeree in wines was thus reslrietod, and 
disastrous lossos were often inflieted on the wine-grower. 
Every one of those diseasori was true.ed to tho life of an 
organism. Pasteur ttseerUdned the temperature wliieh 
killed these ferments of disease, proving it to be so lew 
as to be perfectly harmlesa to tlie wine. Hy the simple 
expedient of heating tho wine to a temperature of lifty 
dogrooH Centigrade, he rendered it unalterable, and thus 
saved his country tho loss of millions. lie then went on 
to vinegar—vw aigre, acid wino-~whieh he proved to be 
produced by a fermentation setup by a little fungus called 
Myood&rma aosti. Torula, in fact, converts the grape juice 
Into alcohol, and Mycoderma aceti converts the alcohol 
into vinegar. Here also frequent failures occurred, and 
severe losses were sustained. Through the operation of 
unknown causes, the vinegar often became unlit for use, 
sometimes indeed falling into utter putridity. It had been 
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long known that mere exposure to the air was sufficient 
to destroy it. Pasteur studied all these changes, traced 
them to their living causes, and showed that the perma- 
nent health of the vinegar was insured by the destruction 
of this life. He passed from the diseases of vinegar to the 
study of a malady which a dozen years ago had all but 
ruined the silk husbandry of Prance. This plague, which 
received the name of 'pchrine^ was the product of a parasite 
which first took possossion of the intestinal canal of the 
silkworm, spread throughout its body, and filled the sack 
which ought to contain the viscid matter of the silk. Thus 
smitten, the worm would go automatically through the 
process of spinning when it had nothing to spin. Pasteur 
followed this parasitic destroyer from year to year, and 
led by his singular power of combining facts with the logic 
of facts, discovered eventually the precise phase in the de- 
velopment of the insect when the disease which assailed 
it could with certainty be stamped out. Pasteur’s devo- 
tion to this inquiry cost him dear. He restored to Prance 
her silk hushamliy, rescued thousands of her population 
from ruin, sot the looms of Italy tvlso to work, but emerged 
from, his labors with one of his sides permanently para- 
lyzed. His last investigation is embodied in a work en- 
titled ‘‘Studios on Beer,” in which he describes a method 
of rendering beer permanently unchangeable. That method 
is not so simple as those found effeotual with wine and 
vinegar, but the principles which it involves are sure to 
receive extensive application at some future day. 

There are other reflections connected with this subject 
which, even were they now passed over without remark, 
would sooner or later occur to every thoughtful mind in 
this assembly, I have spoken of the floating dust of the 
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air, of tlio moans oi rotuloring 5l visible, and of tlie perfect 
i)iununity from putrofuetion wltu-h acK'ompiuiit'H the contact 
of gorinloBS infusions iiml itmloless air. Ounsidcr the woes 
■which tlioso watted partiolcs, during hist«»ri(3 and preliis* 
torio ages, liavo inflictetl on mankind; consider tlie loss 
of lifo in luwpiUds from pulrttfjing wounds; consider the 
loHH in placu's ■where there art» plenty of ■woumls, hut no 
hospiUds, and in the agea before hospitols were anywhere 
founded; oonsuler Uie slaughter which has hitherto fob 
lowed tliat of the buttlefleld, when those bacteriid destroy- 
ers are let loose, often producing a mortality far grt'nter 
than tliatof the hattlo itself; add to this the other concep- 
tion that in times of epidomm diasiaae the sclf-aatno float- 
ing matter has frequently, if not always, minglwl with it 
the special germs which pitKiucn U»« tipidemic, Wing thus 
CTUihlo.d to BOW pcstilciH'o and death over nations and con- 
tinents — consider nil this, and you will come with mo to 
tlio conelusion that all the hnviw of war, ten times nmlli- 
pliod, would ha evanoauent if compared with the ravagoa 
due to fttmoapherio duat. 

This prevantibk dmtrttetion is going on to-day, and 
it has been permitted to go on for ag«», without a whisper 
of information regarding its cause being vouchsafed to 
the suffering sentient world. We have betin acjourgiHl by 
invisible thongs, attacked from impenetrable ambusendcs, 
and it is only to-day that the light of sebnoe is being let 
in upon tho raunierous dominion of our ft«». Facts like 
these excite in rae the thought that the rub and governanco 
of this universe are different from whal wo in our youth 
supposed them to be— that tlm inserutabb Power, at once 
terrible and benerfloent, in whom we live and move and 
have our being and our end, ia to bo propitiated by means 
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different to those usnally resorted to. The first requisite 
toward suoh pi'opitiation is hnowhdge; the second is action, 
shaped and illuminated by that knowledge. Of knowl- 
edge we already see the dawn, which will open out by 
and by to perfect day; while the action which is to follow 
has its unfailing source and stimulus in the moral and 
emotional nature of man— in his desire for personal well- 
being, in his H(!nHo of duty, in his compassionate sympathy 
witli the sufferings of his fellow-men. “IIow often,” says 
Dr. William Budd in his celebrated work on Typhoid 
Fever — “IIow often have I scon in past days, in the sin- 
gle narrow oliambor of the day-laboi’er’s cottage the father 
in tlio coflin, the mother in the sick-bed in muttering de- 
lirium, and nothing to relie.vo the desolation of the chil- 
dren but the d(ivotion of some poor neighbor, who in too 
many cases paid the penalty of her kindness in becoming 
herself the victim of the same disoi-derl” From the van- 
tage ground already won I look forward with confident 
hope to the triumpli of medical art over scenes of misery 
like that here deserilKid. 7’he cause of the calamity being 
oruio ehuirly nwiuiled, not only to the physiihan, but to 
the public, wliose intelligent eo-oporation is absolutely 
essential to sucooss, the final victory of humanity is only 
a (piestion of time.' We have already a foretaste of that 
vicitory in the triumphs of surgery as practiced at your 
doors. 
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W ITHIN kni miiiuUm' walk «»f ii htilf' tnatfiga wliioh 
I hmn raet?utl>^ l»uUt in iW ihvm k a 

mmll kki\ ftnl by tlii^ iiiflUnt mumn tUn up* 
por mounttunw. During lliu nirly wrrkfi nf Mummur no 
tmr-o of lifu h to bo sn t!io4 wiUrr; but iuvari* 

ably toward iho tnul of Jnhy t»r ibo b«>MHiuisg of August, 
BWanuH of tiulotl orgimifunH aro mum riij»nusg iho nunk 
wanulh abuig tho hIiiiIIuw tuargiim uf ib*^ bdu% uinl ru«h* 
iug with aiuliblo pattrr iiilu ilrrpor wfitrr nl ibo Hppn»iioh 
of daiigor. Thn lirigiu of i\m piuiudio ori>wil of living 
ihingn i« by no innom t»bviou^, F*»r yoiir#^ I had novor 
nuUoad iu tlio lako cdihar an inluli frog, or tin* HnudloBfc 
fragment of frag ipawii; no tlnib wrr«« 1 not uihorwko in* 
formad, I should havo found i!io ouindufiiou of Malhioln 
a natural ona, nanudy, that tadpuloa aro giuiorabnl in laku 
mud by tho vivifying aeticm of tho auiu 

Tha oheoks whbh axporknum alono ran furniah bfdng 
absant, tha spontanacms ganoraUcin td oroaturoa nuita m 
high as tha frog in tho lamlo of Wtug wan aanuiutnl for 
ages to be a fact, llaroj m tdaewhoriu the doiuiiuuit mind 
of Aristotle stamped iu notions mx the world at large. 
For nearly twenty oonturiea after him men found no dtllb 
oulty in belloTlng in oaaaa o! ipontatuHiua geueratii>n which 

* ‘*Thi Kla©t©®«Ui C]#i*i.uryg* JftiiUMj, Ista. 

( 806 ) 
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3 uld now be rejected as monstrous by tbo most fanatical 
pporter of the doctrine. Sliell-fisli of all kinds were 
nsidered to be without parental origin. Eels were sup- 
ped .to spring spontaneously from the fat ooze of the 
lie. Caterpillars were the spontaneous products of tlio 
ives on which they fed; while winged insects, serpents, 
ts, and mice were all thought capable of being generated 
itliout sexual intervention. 

The most copious soui’co of this life without an ancestry 
IS putrefying flesh; and, lacking tlio checks imposed by 
Her investigation, the conclusion that flesh possoasos and 
lerts this generative power is a natural one. I well re- 
ember when a child of ton or twelve seeing a joint of 
iperfoctly salted beef cut into, and coils of maggots laid 
ire within the mass. Without a moment’s hesitation I 
mped to the conclusion that these maggots had been 
ontaneously generated in the meat. I had no knowledge 
iiich could qualify or oppose this conclusion, and for the 
ne it was irresistible. The childhood of the individual 
pifloB that of the race, and the belief hero onunciatod 
xs that of the world for nearly two thousand years. 

To the examination of this very point the celebrated 
rancesco Rodi, physician to the Qranddukes Ferdinand 
. and Oosmo III. of Tuscany, and a momlxor of the 
oadomy del Oimonto, addressed himself in 1608. He 
id seen the maggots of putrefying flesh, and reflected 
i their possible origin. But he was not content with 
ere reflection, nor with the theoretic guesswork which 
s predecessors had founded upon their imperfect obser- 
itions. Watching meat during its passage from fresh- 
)ss to decay, prior to the appearance of maggots he 
variably observed flies buzzing round the meat and fre- 
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quently aligliting uii it I'lio nuiggotw, he thought, miglit 
he the half-devolopod jirogetiy of tluww llieti. 

The inductive gncKft jireceth-a vx|terimeut, by ■which, 
however, it luuHt ho llnally twU'd. Uedi knew tliia, and 
acted ac<5ordingly. I’hteiiig freali meut. in u jar and cover- 
ing tho luoulli with piiiiiT, ho ftmnd Uiat, though the meat 
patrolled in the or<liuary way, it never bred inaggois, while 
tho wimo moat placed in open jura noon awanued with these 
organiamH. For the paper cover he tlcu aulmlituted line 
gauze, tlirough which the odor of the meat eould rise. 
Over it tho flieH hum-tl, and on it they hud tlioir eggs, 
hut, the mcHliea Irtiiug hai HinnU to jaTinit the egg« to fall 
througli, no inaggola w*Tti generutci} in the meat. They 
were, on thu eontmry, hutched up«m itm gaum By a 
Borioa of auch exporimenta Ihali deHlroyed the belief in 
tho HpontaneouH generatitm of maggots in mmit, and with 
it douhtleHrt many relaUal Udiofe. T!i« eomhut wan con- 
tinued hy Vallisacri, Sehwnmtm’nlam, and Ueaumur, who 
Buccoeded in haniBhing tho notion of «pontanoouH genera- 
tion from the Boientillo ntindii id their tluy. Imleed, as 
regards Buoh complex organiamB na tlumo whieh formed 
the Bubjoot of their rewiarchuH, the notion waa haniBlied 
forever. 

But the dkoovory and iinprovwnent td tho mieroBcope, 
though giving a death-hbw to nmeh that had lawn pro- 
viouflly written and lielieveil regarding apnitaneonB genera- 
tion, brought ako into view a world of hfe foniuul of in- 
dirldualB to minutc-~ao cloao aa it acemed to tho ultimate 
particles of matter— >as to suggest an oivay puMtage from 
atoms to orgaaknoB. Animal and viigotablo infuaions ex- 
posed to tho air were found oUiudod and orowtled with 
creatures far beyond tho reach of unaidmi vision, but per- 
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Ly visible to an eye strengthened by the microscope, 
h reference to their origin these organisms were called 
Eusoria.^^ Stagnant pools were found full of them, and 
obvious difficulty of assigning a germinal origin to Q:&r 
ices so minute furnished the precise condition neces- 
to give new play to the notion of heterogenesis or 
itaneous generation. 

[hie scientific world was soon divided into two hostile 
ps, the leaders of which only can here bo briefly al- 
d to. On the one side, we liave Buffon and Noed- 
, the former postulating Ids ‘‘organic molecules,’’ and 
latter assuming the existence of a special “vegetative 
3 ” whicli drew the molecules togotlior so as to form 
Lg things. On the otl}cr side, wo have tlie celebrated 
6 Lazs^aro Spallanzani, who in 1777 published results 
Ltcr to those announced by Needham in 1748, and ob- 
id by methods so precise as to completely overthrow 
convictions based upon the labors of his predecessor. 
:ging his flasks with organic infusions, ho sealed their 
:b with the blowpipe, sulijocted them in this condition 
he heat of boiling water, and subsequently exposed 
1 to tomporntures favorable to tlio development of life, 
infusions continued unchanged for months, and when 
flasks wore subsequently opened no trace of life was 
d. 

lore I may forestall matters so far as to say that the 
OHS of Spallanzani’s experiments depended wholly on 
locality in which ho worked. The air around him 
b have been free from the more obdurate infusorial 
18 , for otherwise the process ho followed would, as 
long afterward jiroved by Wyman, have infallibly 
led life. But his refutation of the doctrine of spon 
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tatHH)u« gi'iionitiim Ih not tlio Ions valid on tins aocoiurt. 
Nor IS it in any way ujihi I by llm fart llml t)lhors in jq. 
|>eaUng hia tixpcrittunita ohtaun'il l»fi< wlirru Im obtainod 
nona. liathor is the n-fntatiotj slrcnglln'iitni by mioli dif- 
feroni'CH. (}ivt«u two t*KjH-rum'ntvr« niniUly skilful and 
acjually curcftil, tijii'ratiiiK in diirnritt [din-fs on the same 
infusion, in the Hume way, and iiHMuminj.' ihw one to obtain 
Ufa while the other fails to obUnii it; then its welboBtah* 
lishod abwjneo in the one ease jirmes that soim! ingredient 
foreign to the infusion must be its t'anse in ihi' other, 

Spallanaani's fH'iileil llsisks contained but small (juanli- 
ties of air, and as tivygcn w»vs nflerwanl slunvii Uj lie gen- 
erally i'sst'iilial to life, it wt»s thought that llm abstnioe of 
life olmarved by Sitallanaani might have been due to tho 
latik of this vitsdiaing gas, 'I’o tlissipnle this doubt, 
Sohulste in iKJlii half itllml & flask with ilislilled water to 
whioh nninml and vegetable matters were ntlded, Kirst 
boiling his infusion to destroy wbaiever life it might etni- 
tain, Hohulzo suukml daily into his llask air wliieli had 
paaned through & aories of bulbs containing conccnlraled 
Bulphurio aeid, whorti all gorms <i{ Itfo sns|tended in tho 
air were supposed to bo tlostwyod. From May to August 
this process was continued without any ilevtdopmcut of 
Infusorial life. 

Here again the ('♦..omsss of Sehul/,e was due to his worb 
ing in oomparattvely pur© air, but oven in such air his 
experiment is a very risky one. dorms will pass 'in- 
wetted and unsoathod through sulphurm acid unions tho 
meat special ear© is taken to detain thorn. I have re- 
peatedly failed, by repeating Sohulsie’s exjmrimenta, to 
obtain Ms remits. Others have failtKl likewise. The air 
passes in bubbles through the buUm, and to render the 
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thod secure, tke passage of tlae air must be so slow as 
cause the whole of its floating matter, oven to the very 
e of each bubble, to touch the surrounding liquid. But 
this precaution be observed, water will bo found quite 
effectual as sulphuric acid. By the aid of an air-pitmp, 
a highly infective atmosphere, I have thus drawn air 
weeks without intcrxnission, first through bulbs con- 
ling water, and afterward through vessels containing 
anic infusions, without any appoarajuio of lifo. TJio 
ms wore not killed by tho- water, but they were offect- 
ly intorcopted, while tho objection that tho air had been 
ired by being brought into contact with strongly cor- 
ive substances was avoided. 

The brief paper of Schuljio, published in Poggondorf’s 
.nnalon” for 1886, was followed in 1887 by another 
rt and pregnant communication by Schwann. Bedi, as 
have seen, traced the maggots of putrefying flesh to the 
:b of flics. But he did not and he could not know the 
ining of putrefaction itself. lie ha<l not tho instru- 
ital means to inform him that it also is a plumotrusnon 
mdant on tho dcvoloprnont of lifo. 'Phis was first 
ved in the paper now alluded to. Schwann placed 
h in a flask filled to one-third of its capacity with 
ler, storilisjcd the flask by boiling, and then supplied 
for months with calcined air. Throughout this time 
re appeared no mould, no infusoria, no putrefaction; 
flesh remained unaltered, while the liquid continued 
clear as it was immediately after boiling. Schwann 
a varied his experimental argument, with no altora- 
I in the result. His final conclusion was that putrefao- 
i is due to decompositions of organic matter attendant 
the multiplication therein of minute organisms. These 
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orgfliuHtiiB wore derivetl not from tlio air, but from some- 
thing contivinod in the air, which wuh dt^itroyed by a suffl. 
oiotiUy high tompcniture. There never wan a more deter- 
mined, opponent of the dootritm of Hpontaneoufi generation 
than Scdiwann, though a slrnngo attempt was made a year 
and a half ago t<t ('iiliwt him and othera otinally ojipoHed 
to it on the aido of the doetrino. 

The phyaionl eharaotor of tho agent whicli produces 
putrefaction waa further revealed by llelmholu in 1848. 
By ineanH of a membrane Im HC'paraUui a ateriUifteil putros- 
oible liquid from a pnlndying tme. The alerilized infu- 
aion romaimnl perfectly intact. Hence it wa« not the 
litpiid of tho pntrefyiiig maaH~™for that ctndil freely dif- 
fusa througli the mtsmbratm—lmt atnnethitig oontaiuod in 
the liquid, and whieli was stopja-d hy the Jnembriuio, that 
e.auBcd tho putrefaetion. In IBfrt Stdtrtieder and Von 
l)UH«h Kt'ruok itito this itupiiry, which was suhsequeutly 
followed up by Be-hroedcr alime. Themi able exporinu'. lit- 
ers employed plugs of enitton-wcml to lllmr the air Hiqqilioil 
to their infuaions. Fed with smdi air, in the great major- 
ity of cases the putrusciblo liquitia remuined perfectly 
sweet after bailing. Milk formed a ctmspitnmuH exeoi)- 
lion to tlio general rule. It putrelliHl after boiling, though 
supplied with oarofully fllterod air. Tins nisoarohoH of 
Schroeder bring ua tjp to the year 1H5&. 

In that year a book was publishud which soemed to 
overturn some of tlio Imst eHtablished facts of previous in- 
vestigatorB. Its title was '‘Hdt4rogdnt«," and its author 
VW* S'. A. Pouohet, Director of the Museum of Natural 
History at Eouen. Ardent, laborious, learned, full not 
only of eoieiiitlflo, hut of metaphyaiaal fervor, he threw his 
whole energy into the inquiry. Never did a subject re- 
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quire tlie exercise of the cold critical faculty more thau 
this one — calm study in the unravelling of complex phe- 
nomena, care in the preparation of experiments, care in 
their execution, skilful variation of conditions, and inces- 
sant questioning of results until repetition had placed 
them beyond doubt or question. To a man of Pouchet’s 
temperament the subject was full of danger — danger not 
lessened by the theoretic bias with which he approached 
it. This is revealed by the opening words of his preface: 
“Lorsque, par la meditation, il fut Evident pour moi que 
la generation spontanee etait encore Tun des moyens 
qu’emploie la nature pour la reproduction des etres, je 
m’appliquai a decouvrir par quels precedes on pouvait 
parvenir 4 en mettre les phenomenes en evidence.” It 
is needless to say that such a prepossession required a 
strong curb. Pouchet repeated the experiments of Schulze 
and Schwann with results diametrically opposed to theirs. 
He heaped experiment upon experiment and argument 
upon argument, spicing with the sarcasm of the advocate 
the logic of the man of science. In view of the multi- 
tudes required to produce the observed results, he ridi- 
culed the assumption of atmospheric germs. This was one 
of his strongest points. ‘‘Si les Proto-organismes que nous 
voyons pulluler partout et dans tout, avaient leurs germes 
diss^minds dans P atmosphere, dans la proportion math^ma- 
tiquement indispensable a cet effet, Pair en serait totale- 
ment obscurci, car ils devraient s’y trouver beaucoup plus 
Berr68 que les globules d’eau qui forment nos nuages 
^pais. II n’y a pas la la moindre exag^ration. ” Eecur- 
ring to the subject, he exclaims: “L^air dans lequel nous 
vivons aurait presque la densite du fer. ” There is often 

a virulent contagion in a confident tone, and this hardi- 

Science — ^VI — 14 
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hotwl of nrgmnoitolivo mmc'rt.wjj vtm nur© to infltienoe 
minila Hwitytul not by knowliHliili*, hut by authority. Had 
Pomihot known tlmt"tlHi blue I'lhemil aky” is formed of 
iU8|mndedi particle*, thnmf^li which the nun freely Bljlaej^ 
he would hanlly have venttmal vipon thia line of arga. 
ment. 

Pouchot’a pursuit of tliia inquiry strengUjoned the con- 
vlcliott with which he Iwgau it, and landed him in down- 
right credulity in tlm end. I do tu»t question hie ability 
A* an olwervcr, but the inquiry need<>d a disciplined ex- 
perimontor. This latUsr inqdies not Jtu-re atiility to look 
At tilings B« Nature offers them U* our ius|KHitton, but to 
force her to show herself imiler comUthuis prescribed by 
tho experimenter himself. Here Pouehet limkod the neo- 
©eaasy dieoipline. Yet Um vigor of his onset mtsod clouds 
of doubt, which for a time oliscurtHl the whole field of in- 
q[uiry. So difUeult indeeti did tha suhjwl seem, and so 
incapable of definite tadution, that wlnui rusteur made 
known hk intenUou to take it np, his frietids Biot and 
DumaA exprwM^ their regret, earnestly exhorting him to 
set A dofinite and rigid limit to the time he purposed 
upending in thia Apparently unpwfiiahle field.' 

Schooled by hi* education a* a chemist, and hy special 
roBearohea on tho closely relatetl quwtion of ftirmentation, 
PABtem' took np thk aubjeot under jjartic.ularly favorable 
oonditdonB, Hk work and bk oulture had given strength 
And finish to hk natuml aptitude*. In IBfi'i, accordingly, 
h® published a pspor “On the OiganissMi CorpuBolM exist- 


t (xsudlUmU* ft parntma#,*' »»4d Duimm to his slrcsdjr fianou* pupil, 

“da iwtw tiop kagtenpii diiiM oe inJet."— " Aunsks de Ohlmla et do Phytliiua" 
1882, roL UdT. p. 12, Kaoo Ihia Am# th# iUttstrimm Pwpouml fiteerotory of tfi* 
Aosdotojr oi Bo^oos Im had good UMaon to rortao this “oooosol." 



SPONTANEOUS GENERATION 


816 


ing in tlie Atmospliere, ’ ’ wliioli must forever remain classi- 
cal. By the most ingenious devices he collected the float- 
ing particles of the air surrounding his laboratory in the 
Eue d’Ulm, and subjected them to microscopic examina- 
tion. Many of them he found to be organized particles. 
Sowing them in sterilized infusions, he obtained abundant 
crops of microscopic organisms. By more refined methods 
he repeated and confirmed the experiments of Schwann, 
which had been contested by Pouchet, Montegazza, Joly, 
and Musset. He also confirmed the experiments of 
Schroeder and Von Dusch. He showed that the cause 
which communicated life to his infusions was not uni- 
formly diffused through the air; that there were alirial 
interspaces which possessed no power to generate life. 
Standing on the Mer de Glace, near the Montanvert, he 
snipped off the ends of a number of hermetically sealed 
flasks containing organic infusions. One out of twenty 
of the flasks thus supplied with glacier air showed signs 
of life afterward, while eight out of twenty of the same 
infusions, supplied with the air of the plains, became 
crowded with life. He took his flasks into the oaves un- 
der the Observatory of Paris, and found the still air in 
these caves devoid of generative power. These and other 
experiments, carried out with a severity perfectly obvious 
to the instructed scientific reader, and accompanied by a 
logic equally severe, restored the conviction that, even in 
these lower reaches of the scale of being, life does not 
appear without the operation of antecedent life. 

The main position of Pasteur has been strengthened 
by practical researches of the most momentous kind. lie 
has applied the knowledge won from his inquiries to the 
preservation of wine and beer, to the manufacture of vin- 
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■wotLnd and abscess wbicb so frequently converted our 
hospitals into charnel-houses, and it is their destruction 
by the antiseptic system that now renders justifiable opera- 
tions which no surgeon would have attempted a few years 
ago. The gain is immense — to the practicing surgeon as 
well as to the patient practiced upon. Contrast the anx- 
iety of never feeling sure whether the most brilliant opera- 
tion might not be rendered nugatory by the access of a 
few particles of unseen hospital dust, with the comfort 
derived from the knowledge that all power of mischief on 
the part of such dust has been surely and certainly anni- 
hilated. But the action of living contagia extends beyond 
the domain of the surgeon. The power of reproduction 
and indefinite self-multiplication which is characteristic of 
living things, coupled with the undeviating fact of con- 
tagia “breeding true,” has given strength and consistency 
to a belief long entertained by penetrating .minds, that 
epidemic diseases generally are the concomitants of para- 
sitic life. “There begins to be faintly visible to us a 
vast and destructive laboratory of nature wherein the dis- 
eases which are most fatal to animal life, and the changes 
to which dead organic matter is passively liable, appear 
bound together by what must at least be called a very 
close analogy of causation.” * According to this view, 
which, as I have said, is daily gaining converts, a con- 
tagious disease may be defined as a conflict between the 
person smitten by it and a specific organism which multi- 
plies at his expense, appropriating his air and moisture. 


die Balkan zur Stlitze seiner Faulnisstheorie zu zimmern versucht, hat zuerst 
den Satz ‘keine Paulniss ohne Bacterium Termo’ zu widerlegen.’* 

* Report of the Medical Officer of the Privy Council, 18H, p. 6. 
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disintegrating liis tissues, or poisoning him by the decom- 
positions incident to its growtii. 

During the ten years extending from 1859 to 1869, re- 
searches on radiant heat in its relations to the gaseous 
form of matter ooeupied my continual attention. When 
air was exporimeutod on, I had to ckumHC it effectually 
of floating matter, and while doing so I was surprised to 
notice that, at the ordinary rate of transfer, such matter 
passed freely tlirough alkalies, acids, alcohols, and ethers. 
The eye being kept sensitiro by darkness, a concentrated 
beam of light was found to Im a most aefirohiug test lor 
suspended matter botli in water and in air*~a ti«t indeed 
indefinitely more searching and severe than tlmt furnished 
by the most powerful mioroscopo. With the aid of such 
a beam I oxannnod air filtered by cotUni-wool; air long 
kept free from agitation, so tut to allow the floating matter 
to subside; calcined air, and air filtered by the deeper 
cells of the human lungs. In all cases the correspondence 
between my experiments and Utose of Stihroeder, Pasteur, 
and Lister in regard to apantaueous generatittn was per- 
fect. The air which they found inoperative waa proved 
hy the luminous beam to be optically pure and tlierefore 
germlesB. Having worked at tlto subject both by experi- 
ment and refleotion, on Friday evening, Jatmary 21, 1870, 
I brought it before the members of the Rttyal Institution, 
Two or three months subsequently, for sufilaient practical 
reasons, I ventured to direct public attention to the sub- 
ject in a letter to the “Times.” Such was iny first contact 
with this important question. 

This letter, I believe, gave occasion for tho first public 
utterance of Dr. Bastion in relation to this subject. He 
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did me tlie honor to inform me, as others had informed 
Pasteur, that the subject “pertains to the biologist and 
physician.” He expressed “amazement” at my reasoning 
and warned me that before what I had done could be 
undone “much irreparable mischief might be occasioned.” 
With far less preliminary experience to guide and warn 
him, the English heterogenist was far bolder than Pouchet 
in his experiments, and- far more adventurous in his con- 
clusions. With organic infusions he obtained the results 
of his celebrated predecessor, but he did much more — the 
atoms and molecules of inorganic liquids passing under 
his manipulation into those more “complex chemical com- 
pounds,” which we dignify by calling them “living organ- 
isms.”' As regards the public who take an interest in 
such things, and apparently also as regards a large por- 
tion of the medical profession, our clever countryman suc- 
ceeded in restoring the subject to a state of uncertainty 
similar to that which followed the publication of Pouchet’s 
volume in 1869. 

It is desirable that this uncertainty should be removed 
from all minds, and doubly desirable on practical grounds 
that it should bo removed fi’om the minds of medical men. 
In the present article, therefore, I propose discussing this 
question face to face with some eminent and fair-minded 
member of the medical profession who, as regards sponta- 
neous generation, entertains views adverse to mine. Such 
a one it would be easy to name; but it is perhaps better 
to rest in the impersonal. I shall therefore simply call 


> “It is fiirtlior held that bacteria or allied organisms are prone to be engen- 
dered as corrolatlvo products, coming into existence in the several fermenta- 
tions, Just as independently as other loss complex chemical compounds.” — 
Bastiau, “Trans, of Pathological Society,” vol. xxvi. 268. 
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my proposed co-inquirer my friond. With him at my 
Bide, I shall endeavor, to the best of my ability, bo to 
oonduot this discussion that ho who runs may read and 
that he who reads may understand. 

Let us begin at the beginning. I aak my friend to 
step into the laboratory of the Huyal Institution, where 
I place before him a basin of thin turnip slices barely cov- 
ered with distilled water kept at a tem- 
perature of 120” Fahr. After digesting 
the tuniip for four or five hours we 
pour off the liquid, boil it, filter it, and 
obbvin au infusion as clear as filtered 
drinking water. Wo cool the infusion, 
test its spooilio gravity, and find it to 
be 1006 or higher— water being 1000. 
A number of small cleiaii empty flasks, 
of the shape shown on the margin, are before us. One of 
them is slightly warmed with a spirit-lamp, and its open 
end is then dipped into the turnip infusion. The warmed 
glass is afterward ohilled, the air within the (la.'^k cools, 
contracts, and is followed in its eontraotion by the infu- 
sion. Thus we get a small quantity of liquid into the 
flask. We now heat this liquid carefully. Steam is pro- 
duced, which ksues from the open neek, carrying the air 
of the flask along with it. After a few secoruls’ ebulh- 
tion, the open neck is again plunged into the infusion. 
The steam within the flask oondonses, the liquid enters 
to supply its place, and in this way we fill our little flask 
to about four-fifths of its volume. This description is 
ty^al; we may thus fill a thousand flasks with a thou- 
sand Cerent infusions. 

I now ask my Mend to notice a trough made of sheet 
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per, witlL two rows of handy little Bunsen burners un- 
leath it. This trough, or hath, is nearly filled with 
a piece of thin plank constitutes a kind of lid for the 
5ath. The wood is perforated with circular apertures 
3 enough to allow our small flask to pass through and 
ige itself in the oil, which has been heated, say, to 
' Fahr. Clasped all round by the hot liquid, the in- 
on in the flask rises to its boiling point, which is not 
iibly over 212° Fahi*. Steam issues from the open 
c of the flask, and the boiling is continued for five 
utes. With a pair of small brass tongs, an assistant 
seizes the neck near its junction with tho flask, and 
ially lifts tho latter out of the oil. The steam does 
cease to issue, but its violence is abated. With a 
nd pair of tongs held in one hand, the nook of tho 
c is seized close to its open end, white with the other 
1 a Bunsen's flame or an ordinary spirit flame is 
ight under tho middle of the nook. Tho glass red- 
), whitens, softens, and as it is gently drawn out the 
: diminishes in diameter, until the canal is completely 
ked up. Tho tongs witli the fragment of severed neck 
g withdrawn, tho flask, with its oontonts diminished 
jvaporation, is lifted from the oil-bath perfectly sealed 
iiotically. 

Sixty such flasks filled, boiled, and sealed in the man- 
described, and containing strong infusions of beef, 
ton, turnip, and cucumber, are carefully packed in 
lust, and transported to the Alps. Thither, to an 
ation of about 7,000 feet above the sea, I invite my 
iquiror to accompany me. It is the month of July, 
the weather is favorable to putrefaction. Wo open 
box at tho Bel Alp, and count out fifty-four flasks, 
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with thoir liquulB as clear a« flltorod drinking water. In 
six IlaHks, however, the infusion i» found muddy. 'We 
closely examine theae, and diacover that every one of them 
has had ita fragile end hmkon oil in the tranait from Lon- 
don. Air hiva entered the fiaaka, and the olmerved mud- 
dintms ia the result. My colleague knows as well as I do 
what this means. Examined with a jitxskot-lens, or even 
with a microscope of insulliciont power, nothing is seen in 
the muddy liquid; but regartlod with a magnifying power 
of a thousand diameters or so, what an astonishing app6a^ 
anoQ does it present 1 Ixjcuwetihoek estimated the popula- 
tion of a single drop of stagjiant waU'r at 500,000,000; 
probably the population of a drop of our turbid infusion 
would be this many times multiplied. The Hold of the 
mioroBOope is crowded with organistus, some wabbling 
slowly, others shooting rapidly across the microsoopio 
field. They dart hither and thither like a rain of minute 
projectilen; they pirouetto and spin iKi tiuiokly round that 
the retention of the retinal impression truusforms the little 
living rod into a twirling wheel. And yt5t the most cele- 
brated naturalista tell ua they are vogetabh's. From the 
rod-like shape which they so frequently assume, these o^ 
ganisms are called “baotoria”— a term, bo it here remarked, 
which covers organisms of very diverse kinds. 

Has this multitudinous life boon apontivneously gener- 
ated in these bLx flasks, or is it the prtigeny of living 
germinal matter carried into the flasks by the entering 
air? If the infusions have a self-generative power, how 
are the sterility and consequent clearness of the fifty-four 
uninjured flasks to be accounted for? My colleague may 
Tirge— find fairly urge— that the assumption of germinal 
matter is by no means neoessary; that the air itself may 



SPONTANEOUS GENEBATION 


823 


be the one thing needed to wake up the dormant infusions. 
We will examine this point immediately. But meanwhile 
I would remind him that I am working on the exact lines 
laid down by our most conspicuous heterogenist. He dis- 
tinctly affirms that the withdrawal of the atmospherio 
pressure above the infusion favors the production of or- 
ganisms; and he accounts for their absence in tins of pre- 
served meat, fruit, and vegetables, by the hypothesis that 
fermentation has begun in such tins, that gases have been 
generated, the pressure of which has stifled the incipient 
life and stopped its further development.*’ This is the 
new theory of preserved meats. Had its author pierced a 
tin of preserved meat, fruit, or vegetable under water with 
the view of testing its truth, he would have found it erro- 
neous. In well-preserved tins he would have found, not 
an outrush of gas, but an inrush of water. I have noticed 
this recently in tins which have lain perfectly good for 
sixty-three years in the Boyal Institution. Modern tins, 
subjected to the same test, yielded the same result. From 
time to time, moreover, during the last two years, I have 
placed glass tubes, containing clear infusions of turnip, 
hay, beef, and mutton, in iron bottles, and subjected them 
to air-pressures varying from ten to twenty-seven atmos- 
pheres — ^i)reB8ure8, it is needless to say, far more than 
sufficient to tear a preserved meat tin to shreds. After 
ten days these Infusions were taken from their bottles rot- 
ten with putrefaction and teeming with life. Thus col- 
lapses a hypothesis which had no rational foundation, and 
which could never have seen the light had the slightest 
attempt been made to verify it. 


* ‘‘Beginninga of life,” vol. 1. p. 418. 
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Our filty-four vaououa and poUuoid flasks also declare 
against the hetorogonist. Wo oxposo thorn to a warm Al- 
pine sun by day, and at night wo suspend thorn in a warm 
kitchen. Four of them have boon acoiilontally broken; 
but at the end of a month wo find tho fifty remaining 
ones as clear as at tho ornnmonoonrorit. There is no sign 
of putrofacliou or of life in any of them. Wo divide these 
fiasUs into two groups of twenty-threo and twenty-seven 
respectively (an aooidont of oounting rtmtlorcid tho division 
uneven). The question now is whether tho admission of 
air can liberato any generative energy in tho infusiona 
Our next exporimont will iinswor this quostlon and some- 
thing more. We carry tho flasks to a hayloft, and there, 
with a pair of steel pliers, snip off tho sealed ends of the 
group of three-and- twenty. Kaoh snipping ofl is of course 
followed by an inrush of air. Wo now carry our twenty- 
Bovon flasks, our pliers, and a spirit-lamp, to a ledge over- 
looking the Aletscsh glacier, alamt two hundred feet above 
tho hayloft, from which ledge tho mountain falls almost 
preoipitously to the northeast for about a thousand feet 
A gentle wind blows toward us from tho northeast — that 
is, aorosa the crests and enow- fields of the Ohorlaiid moun- 
tains. Wo are therefore batlmd by air whioU must have 
been for a good while out of practical conlaot with either 
animal or vegetable life. I stand carefully to leeward of 
the flasks, for no dust or particle from my olothes or body 
must be blown toward them. An assistant ignites the 
spirit-lamp, into the flame of which I plunge the pliers, 
thereby destroying all attached gems or organisms. Then 
I snip off the sealed end of the flask. Prior to every 
snipping the same process is gone through, no flask being 
opened without the previous cleansing of the pliers by 
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the flame. In this way we charge our seven-and-twenty 
flasks with clean vivifying mountain air. 

We place the fifty flasks, with their necks open, over 
a kitchen stove, in a temperature varying from 60° to 90° 
Pahr., and in three days find twenty- one out of the 
twenty-three flasks opened on the hayloft invaded by 
organisms — two only of the group remaining free from 
them. After three weeks’ exposure to precisely the same 
conditions, not one of the twenty-seven flasks opened in 
free air had given way. No germ from the kitchen air 
had ascended the narrow necks, the flasks being shaped 
to produce this result. They are still in the Alps, as 
clear, I doubt not, and as free from life as they were 
when sent off from London.’ 

What is my colleague’s conclusion from the experi- 
ment before us? Twenty-seven putresoible infusions, first 
in vacuo, and afterward supplied with the most invigorat- 
ing air, have shown no sign of putrefaction or of life. 
And as to the others, I almost shrink from asking him 
whether the hayloft has rendered them spontaneously 
generative. Is not tho^ inference lioro iiuporativo that it 
is not the air of the loft — ^whioh is connected through a 
constantly open door with the general atmosphere — but 
something contained in the air, that has produced the 
effects observed? What is this something? A sunbeam 
entering through a chink in the roof or wall, and travers- 
ing the air of the loft, would show it to be laden with 
suspended dust particles. Indeed the dust is distinctly 
visible in the diffused daylight. Can it have been the 
origin of the observed life? If so, are we not bound by 
all antecedent experience to regard these fruitful particles 


* An actual oxporlmont made at Iho Bol Alp is liere described. 
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an iho gcnnH of the lifo olmt'rvtniy ^Phu namo of Baron 
Jjiohig luw Ihhoi ooiiHtanUy tuixtul u}i with thono diBcns- 
mom. ‘'We have/' it in nahl, ''Iuh authority for asBum* 
iug that dead decay itig matter can {UHnluee feniumtation.” 
True^ hut with Liuhig fermeuUttiiUi wan hy uo lueaiiH By* 
tiouyuiouH with lijh, U imnuii, iiuuurdiug to him, the Bliak- 
iug auutider by ehemieal dinturlmiiee of uuHtablo molecules. 
Duem the life of our llanka, then, jvroeeed fnmi dmd par- 
ticluH? If my coduquirur ahoiihl re{ily thou I 

would, ank him, What warrant ihu^n Nature olTer for buoIi 
an m^aumption ? Wlmro, amid iho multitude of viUd phe- 
uomona in which her oj»eratiouH have Ih'iui ehuirly traced, 
in the nlightcHt eutintennure given to the m>Utm that the 
Howing of tlead pariieleH ca!i produce a living crt>p?’^ 
With rcgartl to Baron Liebig, had he nttuliinl the rovtda- 
tiouH of the mioroHcupe in relation to tlu*He tjuestiouH, a 
miiul mi penetrating cHutld never have minmnl tlu* Bignili* 
cauuo of the facta revealed. lie, luiwever, ueglc(»tcd the 
miGroBccJpei, and fell into error- hut ntU into error ho gross 
as that in support of which his autlnudiy has been in- 
voked. Were ha now alive, he wtudil, I (h>ubt not, ropu- 
diata the use often made of his name Ididug'n view of 
formontntion wan at leant a mneniillc one, ftnunhul on pro- 
found conuoptions of molecular inHUUulity. But tliiH view 
by no means involves the notion that the planting of 
dead partlclcB—'^StiokBtollHpliUcn/' as (lohn eouiumptii- 
ously calls thoiu— is followed by iho sprouting of infuso- 
rial life, 

Let us now return to London and lix our attantion on 
the dust of air. Suppose a room in whitdi the hotxse* 
maid has just finished her work to bo oompletoly oloBod, 
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witli the exception of an aperture in a ahutter through 
which a sunbeam enters and orosses tlui room. The 
ing dust reveals the track of tUo light. F.ct u hnin Ikj 
placed in the aperture to coiuIcjiho the hetiui. Its pariiUel 
rays are now converged to a oouo, at the apex «tf vvhiidi 
the dust is raised to almost unhroktuj whiUmesH by the 
intensity of its illumination. T)efende<l fr<»tn all ghiri', 

tlio eye is peculiarly Hoit.sitive to this Hcallercd light. 'I'he 
floating dust of .rjondoii rooms is orgunif, and may he 
burned without leaving visihlu ri'.siiltm. 'rim .'iriimi «>f a 
spirit-lamp flanio upon the floating matter has hii n i-Isu- 
where thus doserihod; 

In a oyliiulrieal hoaru whiedt strongly illiimiu.’iSi-.l ihe* 
dust of our laboratory, I jihus'd an ignili-ti spirit lamp. 
Mingling with the llamo, and romid its rim, wiwo mnni 
curious wreaths of durkuess rosembling an inkmauly hlimk 
smoko. On placing the flam© at some distance Imlow the 
beam, the same dark maasos stornuul upwuril. Tlmy \v«-ro 
blacker than the hlackest smoktM'vrr Htam iHsnlug fri.m tlm 
funnel of a steamer; anil thi'ir rfsemhhumo to simdo* was «<i 
perfect as to prompt tlm eonidu.'iion that llm appanmtlv piiru 
ilamo of tho alcohol-liimji ruumred hut a hfam of auiiu-u-nt 
intensity to reveal its clouds of liberaUHi carlmu. 

But is tho hkokncHH smoko? 'rhj.H queation prisucnUnl 
itself iu a moment, tuul was thus answered: A n-d hot poker 
was placed mulorucath tho beam; from it tin- bhmk wreaths 
also ascended. A large hydrogen nttme, which otiiila tm 
smoke, was next emjdoytsd, and it alw> prcKiuc»d with aug. 
mentod copiousness thoso whirling maiBWis of darktmss. 
Smoke being out of the question, what is Urn hlaehne.^? 
It is simply that of stellar space; that is to say, bhu-Kiieiijt 
resulting from tho ahscnco from tho track of the beam of all 
matter oompotont to scatter its liglit. When the Ijamo was 
placed below tho beam, the floating inallor was dcstruyeil 
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I aiiu; unil llio hi'iiUnl air, friHnl frcaii thin matter, ro86 into 
11 ! hi'Hui, jii.Hllt'tl iisiilo tlm illutuinaUnl j»artioU*n, and Hubati- 
Ill'll fur Uu'ir liglit the darkntw dui! to iu awn jierfect 
'anH|iaronoy. NathiiiK auuld lunra funnldy illuairatu tlio 
iviHibility of the nKent wliieli renderH all thiiifna viaiblo. 
'be heain oroHaed, unaeen, the hlaek elmain formed by tho 
riuirfjmrent air, while, at luilh Hidea uf the gap, Urn thick- 
trewn partielea ahoiH! oat HKe a luininoUH aul id under tho 
luwerful illuminatiun,' 

Supposing an infuaiun intrinaienily harren, hut readily 
HHceptihlo of jmtrefiu'tiun when ex[t<metl to fumninn air, 
o lus brought into eimtuet witli tlua unilluininahlc air, 
vhat would he the reeiiU ? It wuuhl never putref}'. It 
night, liowever, he urged that the air i« Hpuiletl hy ila 
ifiohmt calcination. Oxygen paMwd through a spirit-lamp 
llama is, it may he thought, no longer the oxygen Huiudilo 
for tlie development and niaintenaueo of life. We have 
an easy eseape from this diilieuily, whieh is hased, hew- 
aver, upon the unprovod as.-mmption that tho air has hccu 
affeeted hy tho Ihune. Tiot a eondeiised heaiii lio scut 
through a largo flask of bollhoad eontaining eomimm air. 
Tho track of tho Iieam is soon within tho flsisk— the dust 
vovealing tho light, and tho light revealing tho dust. Cerk 
the dusk, Htutr its nook with cotton- wind, or simply turn 
it mouth downward and leave it undialurhod fur a day or 
two. Kxaniinod afterward with the luminous Imam, no 
track is visihlo; tho light iiassos through tho flask lui 
througli a vacuum. Tho floating matter has aholishod 
itwlf, being now attaohod to tho iutesrior surfaoo of tho 
flask. Were it our objoot, as it will bo subsoiiucntly, to 
oETootually dotain tho dirt, wo might coat that aurfaco with 
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some sticky substance. Here, then, without ** torturing” 
the air in any way, we have found a means of ridding it, 
or rather of enabling it to rid itself, of floating matter. 

We have now to devise a means of testing the action 
of such spontaneously purified air upon putrescible infu- 
sions. Wooden chambers, or cases, are accordingly con- 
structed, having glass fronts, side-windows, and back- 
doors. Through the bottoms of the chambers test-tubes 
pass air-tight; their open ends, for about one-fifth of the 
length of the tubes, being within the chambers. Provis- 
ion is made for a free connection through sinuous chan- 
nels between the inner and the outer air. Through such 
channels, though open, no dust will reach the chamber. 
The top of each chamber is perforated by a circular hole 
two inches in diameter, closed air-tight by a sheet of india- 
rubber, This is pierced in the middle by a pin, and 
through the pin-hole is pushed the shank: of a long pipette 
ending above in a small funnel. The shank also passes 
through a stuffing-box of cotton- wool moistened with glyc- 
erine; so that, tightly clasped by the rubber and wool, 
the pipette is not likely in its motions up and down to 
carry any dust into the chamber. The illustration (page 
330) shows a chamber, with six test-tubes, its side-win- 
dows w its pipette ^ c, and its sinuous channels a b 
which connect the air of the chamber with the outer air. 

The chamber is carefully closed and permitted to re- 
main quiet for two or three days. Examined at the begin- 
ning by a beam sent through its windows, the air is found 
laden with floating matter, which in three days has wholly 
disappeared. To prevent its ever rising again, the internal 
surface of the chamber was at the outset coated with glyc- 
erine. The fresh but putrescible liquid is introduced into 
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the nix IuIk'H in »t»'ee»«(i>n by meaim uf th«^ ^hpette. Pef 
mitUMl tu remain wiliumt furlhor preeautiim, every one 
of the UtlKia wmihl {lutn^fy ami lUl ilai'U witli life. The 
liquid has Iwen in eoulm-t with the dust- laden air outeide 
by which it has Uh*» iufeeti'd, niul the iiifuotion must be 



destroyed. This is done hy plunging the six tul>ea into 
a hfttli of heated oil and boiling the infusion. The time 
requMte to destroy the infection depends wholly upon 
its nature. Two minutes' boiling sulBoes to destroy some 
oontagia, •whereas two hundred minutes* boiling fails to 
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jstroy others. After the infusion has been sterilized, 
le oil-bath is withdrawn, and the liquid, whose putresci- 
lity has been in no way affected by the boiling, is aban- 
med to the air of the chamber. 

With such chambers I tested, in the autumn and winter 
’ 1876-76, infusions of the most vai’ious kinds, embracing 
itural animal liquids, the flesh and viscera of domestic 
limals, game, flsh, and vegetables. More than fifty 
larabers, each with its series of infusions, wore tested, 
any of them repeatedly. Thoi’o was no shade of uncer- 
inty in any of the results. In ovexy instanoo wo hud, 
ithin the chamber, perfect limpidity and swootness, wluc.h 
some cases lasted for more than a year — ^without the 
Lumber, with the same infusion, putridity and its cliar- 
iteristio smells. In no instance was tlio least countenance 
nt to the notion that an infusion deprived by heat of its 
herent life, and placed in contact with air cleansed of 
i visibly suspended matter, has any power to generate 
:e anew. 

Remembering then the number and variety of the in- 
sions employed, and the strictncHS of our adlicroncc to 
e rules of propai-ation laid down by the hotorogeniats 
emselves; remembering that we have operated upon the 
ny substances recommended by them as capable of fur- 
shing, even in untrained hands, easy and decisive proofs 
spoixtaneoxxs generation, and that we have added to 
,eir substances many others of our own — if^this pretended 
inerative power were a reality, surely it must have mani- 
sted itself somewhere. Speaking roundly, I should say 
at in such closed chambers at least five hundred chances 
ive been given to it, but it has nowhere appeared. 

The argument is now to be clinched by an experiment 
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whioh will n?iitnvi4 evrry nwidiiu of tiuubt an to the ability 
itf tilt' infuniims bora om{»l«yatl k» imatftin Ufa. "Wo opea 
tht! ItaokMloom of our wialotl ohamlnsw, ami ponnit the 
(HuuHum air with ila fltmting fai liavo aoceBs to 

our tuUoa. Fur ihrt'w immlha thny bar«? romaitioil pelluoul 
ami Bwat'l (li'Hh, jinh, iiml vt’KwteVilo oxlriuHn jmror thaa 
over ftiuk iimimfiu'turuil. Thnn) tlaya’ oxjumuri! Ui the 
tlusty air auiru'oa tu rumlor lliam lutultly, fotitl, ami swurm> 
iiig with infuMunivl Ufo. Tim linuitln ans thuM provod, one 
ami all, neatly fur putrofatiiitm whoii tho puutamiuatiiig 
agont b appUutl. I invito my oulloaguo tu n'llool on these 
fai!t8. How will ho aoouuut fur tho alwtiluU) inumniity 
of a liiiuiil ox|Hi}«nl fur imiiilhs in a warm n»uiu bt opUeully 
p)uro air, aiul ita iufatUlilo jmtrufiUJtiun in a fow tluya Virhen 
expoaotl to (Iu8t4atleii air? Ho imint, I anliuiit, Imw to 
tho miut'liiftitm that tho tlu»tt*|iartnjloM art* tho of 

jiuti'ofatUi VO Ufo. Ami unlmw hts ac»H'j>tn tho hyjutlluwia 
that tlu'Ho parlioloH, hoiug tloatl in tlm air, arc in the 
Uiiniil miraouhm«ly kimlliHt into living ihing.i, ho must 
oonoluile that tho Ufo wo havo uhaorv«!«l ajiriugs fruiu 
germa or organiams ditluaud through tho ainiuMjthoro. 

The exporimouta with honnoiioally aoaloil IhmkH have 
roaohoil tho mmihnr of B40. A iiamplo group of lliO of 
thorn wore laid hotoro tho Itoyal B<HUoty <»n .lanuary IH, 
1876. They were uttorly free from lifo, having hoon emm 
plotoly atorilisMul by thrtm minutea’ Uiiling. Spooial I'liro 
had boon takoa that tho tojnjmraturoa to whioU tho llasks 
wero exposed ahould iaoludo thomi previously allogod to 
be efRoient. Tho cojulitionm laid down by the hetorugoniHt 
"Were wouratiely oopiod, but there waa no ourrolmration 
of Wb resttlts. Stress waa then laid on the queMliim of 
wanntb, thirty degree being euddenly added Ui tho tom- 
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ires with, which both of us had previously worked, 
ing all protest against the caprice thus manifested, 

; this new requirement also. The sealed tubes, which 
proved barren in the Eoyal Institution, were sus- 
5d in perforated boxes, and placed under the super- 
I. of an intelligent assistant in the Turkish Bath in 
Srn Street. Prom two to six days had been allowed 
he generation of organisms in hermetically sealed 
. Mine remained in the washing-room of the bath 
me days. Thermometers placed in the boxes, and 
off twice or three times a day, showed the tempera- 
te vary from a minimum of 101“ to a maximum of 
Pahr. .A.t the end of nine days the infusions were 
ear as at the beginning. ' They were then removed 
warmer position. A temperature of 115° had been 
Loned as particularly favorable to spontaneous genera- 
Por fourteen days the temperature of the Turkish 
hovered about this point, falling once as low as 106“, 
■ing 116° on three occasions, 118° on one, and 119° 
VO. The result was quite the same as that just re- 
sd. The higher temperatures proved perfectly ineom- 
it to develop life. 

aking the actual experiment we have made as a basis 
loulation, if our 940 flasks were opened on the hay- 
>f the Bel Alp, 858 of them would become filled with 
lisms. The escape of the remaining 82 strengthens 
3 ase, proving as it does conclusively that not in the 
nor in the infusions, nor in anything continuous dif- 
L through the air, but in discrete particles, suspended 
le air and nourished by the infusions, we are to seek 
cause of life. Our experiment proves these particles 
e in some cases so far apart on the hayloft as to per- 
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mit 10 jit^r cent <if «>ur OsiHkii to take in air withont con. 
tmoting oci«tamintitt(tn. A quarter of a eentury ago Pasteur 
pruvoil the eauw of "ao-ralltul a|wntanootia generation" to 
l»© dimoniinunnn. I have alri'ioly rt'ferreil to hia ohscrva* 
tion that 12 <ml of 2n Jhixka oj«nH'«J ttn ilu» phiinH esoaited 
iufeetti'U, whih' IP out of 2P Ihwka ojituu'il tm the Merde 
(Jlivw iMOHjit'*!. (hir own fxjioritni'ut at llw ih*l Alp is 
a more innphatie iuHtaiu'e of the aamo kitul, ftO per cent 
of the (hiaka «|«'Junl in the Imyloft heing amitteu, while 
iu»t one of thoao ojwiieti i»n the free niouulnin lodge was 
atteoked. 

The jmw<'r at the air an it'garda jiulrefaelive infection 
Ih ituHwsiHiilly fhniigiiig tlirtaigh naturiil oioiwis, and we 
are aide to alter it at Vfill. Of a tiumlHT «»f ojumed 
in 1876 in the InlamiUiry of the Hoyal luatitulion, *12 per 
emit were ainllten, whilii 68 per cent ewniped. In 1877 the 
j>ro)turtion in tlu* Hiuim hihfirntory wna flH per omit Hmitten, 
to 82 intact. The greater tnurtelity, an to apeak, of the 
infnaiotiH in 1877 wna dno to the prt'amieo of liuy which 
(liituwKl itii genuhml tUiat in the lahoratory air, enusing 
it to approximate an n»gartl« infectivo viruleme to the 
air of the Alpine Itift. I would aak my frimu! to bring 
his Rcientin« penetration to laiiir upon all the foregoing 
faota. They do not prove ajKoitanmum geuemtion to lie 
“ impoMible. " My aaaertUma, however, relate not to "pos- 
Bibilitiea," but to prcHiJs, and the eajHirimenta juat do- 
scribed do numt diatinetly prove the evidence on which 
the beterogcuist roliert to bo written on waate pai'er, 

My coUeagna will not, I am imrauaded, dispute these 
resttltej but he may bo diapoaed to urge that other able 
and honorable men working at tho aiimo auhjwt have 
arrived at conolu«4on« different from mine. Most freely 
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granted; "but let me here recur to the remarks already 
made in speaking of the experiments of Spallanzani, to 
the effect that the failure of others to confirm his results 
hy no means upsets their evidence. To fix the ideas, let 
us suppose that my colleague comes to the laboratory of 
the Eoyal Institution, repeats there my experiments, and 
obtains confirmatory results; and that he then goes to 
University or King^s College where, operating with the 
same infusions, he obtains contradictory results. Will he 
be disposed to conclude that the self-same substance is 
barren in Albemarle Street and fruitful in Gower Street 
or the Strand? His Alpine experience has already made 
known to him the literally infinite differences existing 
between different samples of air as regards their capacity 
for putrefactive infection. And, possessing this knowl- 
edge, will he not substitute for the adventurous conclusion 
that an organic infusion is barren at one place and spon- 
taneously generative at another, the more rational and 
obvious one that the atmospheres of the two localities 
which have had access to the infusion are infective in 
different degrees? 

As regards workmanship, moreover, he will not fail to 
bear in mind that fruitfulness may be due to errors of 
manipulation, while barrenness involves the presumption 
of correct experiment. It is only the careful worker that 
can secure the latter, while it is open to every novice to 
obtain the former. Barrenness is the result at which the 
conscientious experimenter, whatever his theoretic convic- 
tions may be, ought to aim, omitting no pains to secure 
it, and resorting only when there is no escape from it to 
the conclusion that the life observed comes from no source 
which correct experiment could neutralize or avoid. 
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•'What pwwiit warrant, *' it has been aaked, “ia there 
for auppoaing Uiat a naked, or almoet naked, speck of 
protaplaam oan withstand four, six, or eight hours' boil, 
ing?” Regarding naked «|»ook« of protoplaam 1 make no 
asaertion. I know noUiing about them, auire m tJie areat 
urea of fancy. Hut I do aftlnu, not aa a “aupposition," 
nor an "iisaum|>Uon," nor a “prolieble gu^," nor as "a 
wild hy|K)tlitiai»,*' but aa a matU^r of Uie mmt undoubted 
fact, tliat Uio »p«>rea of ti>« hay Imcillua, when tlioroughly 
deaiocatoil by age, have witljstmHi tlm onleal tnentionod. 
And I furdmr aflinn tlmt thewe tdaiuraUi germs, under the 
guidanoe of tlie knowledge that they air genns, can bo de- 
stroyed Ity live minutes' laiiling, or even less. This iiooda 
explanation. The finished i^toriom periahos at a tom- 
porature far imlow that of boiling water, and it is fair to 
asHurne that ilie nearer fite germ is to its final sensitive 
ooudition the iiiorw readily will it succumb to heat, Sooda 
soften beforo and during germination. This premised, the 
simple description of the following prtKUJiw will sullloo to 
make its meaning undersUsKl, 

An infusion infeoted with Uie moat {Kjwerfully rtwislent 
germs, but otherwise protaetml against the floating tnailora 
of the air, ia gratlually raisotl to its boiling |H)int. Such 
germs as have reaoluid tho soft and plaatio stale imme- 
diately preceding Uieir doveUipmwnt into Iwstoria are thus 
destroyed. The infusion is tlion put aaido in a warm room 
for ton or twelve hours. If for twenty-four, we might have 
the licluid charged with well-dovelojied baoioria. To an- 
ticipate this, at the end of ten or twelve hours we raise 
the infuelou a second time to the boiling temperature, 
whioh, as b^ore, destoya all germs tlien approaching 
their point di flwd development. The infusion ia again 
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Lt aside for ten or twelve hours, and the process of heat- 
g is repeated. We thus kill the germs in the order of 
iir resistance, and finally kill the last of them. No infu- 
m can withstand this process if it be repeated a suffi- 
mt number of times. Artichoke, cucumber, and turnip 
fusions, which had proved specially obstinate when in- 
3 ted with the germs of desiccated hay, were completely 
oken down by this method of discontinuous heating, 
ree minutes being found sufficient to accomplish what 
ree hundred minutes’ continuous boiling failed to ac- 
mplish. I applied the method, moreover, to infusions 
various kinds of hay, including those most tenacious of 
e. Not one of them bore the ordeal. These results 
jre clearly foreseen before they were realized, so that 
e germ theory fuffils the test of every true theory, that 
3t being the power of prevision. 

When “naked or almost naked specks of protoplasm” 
e spoken of, the imagination is drawn upon, not the ob- 
3tive truth of Nature. Such words sound like the words 
knowledge whore knowledge is really nil. The possi- 
lity of a “thin covering” is conceded by those who 
eak in this way. Such a covering may, however, exer- 
36 a powerful protective influence. A thin pellicle of 
idia-rubber, for example, surrounding a pea keeps it 
ird in boiling water for a time sufficient to reduce an 
icovered pea to a pulp. The pellicle prevents imbibition, 
ffiusion, and the consequent disintegration. A greasy or 
ly surface, or oven the layer of air which clings to cer- 
in bodies, would act to some extent in a similar way. 
rhe singular resistance of green vegetables to steriliza- 
m,” says Dr. William Eoberts, “appears to be due to 
me peculiarity of the surface, perhaps their smooth 
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glktoning whiaU pnivankidi eciin|ilt'ki waiting of 

tlicir Burfactm.** 

I poinknl out iu lH7fi that ihu iirmnw hy winch au 
atmoapherio genu ia wciknl wuu!4 \m an inkrcHting anb- 
jcot of iiivoHtigiUiim. A ilry mirr«wopo oovcring-glaan 
may ho (’huhciI to Ibnii on water for a yt^ar. A aewing^ 
imoillt' may ho Hiniilarly hvi^t limiting* llunigh itB Bpmhiio 
gravity in nearly eight timoB that of winter* Were it 
tU)t Cm* Bcnnt^i Hjiemlui rehiiion l«awinm the matter nf the 
gurm ami that of the U»[ui«l into which it fidla* wetting 
would bo aimply im|uiBHible» Anteredeiii to nil tloveloji- 
mout tharo muHt he nn inierehnnge of miater heiweeu the 
germ and itn envinnujient; ami thw iiilerehange mimt oV 
vioualy depeiul upon the relation of the germ it* ila eneenn- 
jatBBing liqutcL Anything thiii lomlern ihia iiiterehango 
retarda the deHtrtU‘titm of the germ in hoihng water, In 
my pajun*, ptildtHlunt in the IMulowqdiHial TrunHaeUuuB*’ 
for lti77, 1 add iht' following remark: 

It in nc»t tliftleuU to nee that the Burfaee of a need c^r germ 
may \m ho alTecUnl by deBieeniion and other eaimeH m prnc* 
tioally to prevent eantaet between it and the Burrotunling 
liquid, The body td a gerin» moreover, miiy be ao iiuiu- 
rutod by tim<^ and drymw m to rtmiiit powerfully the iuHiitu- 
utiou of water between im cnumtiluent moleeuleB, Itwnitdd 
bo dinicult to oauHc^ Hucdi a germ to imbibe the momture neo- 
('BHary to produce the nwuUing and Bofttuung whiidi pmunla 
itH clcHtruction in a liquid of high temperature. 

IXowavor thiH may bo— whatever he the ^tate of tln^ Hur- 
face, or of the hudy, of the aporea of limnllm Muldith^ 
they do as a matkr of certainty reatHt, umler Home cir- 
cumstances, exposure fur homm to the lumt of Innling 
water. No theoretic aoeptiaiain can auemiaafully atand iu 
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vegetable. So long aa llto licjunl coiitainrt living bacteria 
a Rjmek of it oomumuioaUHl <nlher u> tli«' clear mineral 
Kolution, or U» Uie tricar turiiip ijifnmou, jiroduces in 
twenty-four iu>ur» the ctfecl here deHenlHul. 

We now vary the esjterjuiejil tluia: Oj>ening the baok- 
door of (UioUter chweii ehiunln'r which ban contained for 
nioiitliH the pure niineral aolutiou mid the pure turnip in. 
[union Hide by »ide, 1 drop into encli of ilicm a HUiidl pinob 
of laboratory diiHt. The eiled here in tardit'r than when 
the Hpock of putrid Inpiid wan employed. In three daya, 
however, after il« infeetion with the d«.*it, the turnip in- 
fuaion is tnuddy, and Hwanning hh before with hactoria. 
But what ahout tlie mineral eolution whieh, in our ilrat 
experiment, behaved in a jmmuer imlntiingiuHlmhlo from 
the tumip-juioe V At the end of three daya there is not 
a bacterium to Iki found in it. At the em! of three weeks 
it is oipuUly innoeenl of bneterial life. We may repeat 
the experiment with the mdution and llie infiiHum a hun- 
dred times with tlie same invarinhle rejotlt, Always in 
the oaao of the latter the sowing of the ulmospheriu dust 
yields a crop of bacteria-— tie ver in the funner does tlio 
dry germinal matter kindle into active life.' Wliat is the 
infenmeo whieh tiie refteeling mind must draw from tliis 
experiment V la it not as eienr m day that while iieth 
liquids are able io feed llio ImeU'ria ami to enable tiiem 

to increase and multiply, uj^er thnj hair httn tmee fully 

developed, only one of the liquids is aide to develot> into 
active bacteria the gcrininul dust of tlie air? 

I invite my friend to rofleet upon Uiis eoiudusion; ho 

’ TMi la 1^© dtporimcint ilui mduUiin w by othoi^. 

My own tatptrlmonti would \mi ttm u* wy tbait iliu dm ut th« bftc* 

terin, though tmedingly tbw mid dlffimiU, k m% 
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will, I think, see that there is no escape from it. He may, 
if he prefers, hold the opinion, which I consider errone- 
ous, that bacteria exist in the air, not as germs but as 
desiccated organisms. The inference remains, that while 
the one liquid is able to force the passage from the inac- 
tive to the active state, the other is not. 

But this is not at all the inference which has been 
drawn from experiments with the mineral solution. See- 
ing its ability to nourish bacteria when once inoculated 
with the living active oi’ganiam, and observing that no 
bacteria appeared in the solution after long exposirre to 
the air, the inference was drawn that neither bacteria nor 
their germs existed in the air. Throughout Germany the 
ablest literature of the subject, oven that opposed to hote- 
rogeny, is infected with this error; while heterogonists at 
home and abroad have based upon it a triumphant demon- 
stration of their doctrine. It is proved, they say, by the 
deportment of the mineral solution that neither bacteria 
nor their germs exist in the air; hence, if, on exposing 
a thoroughly sterilisiod turnip infusion to the air, bacteria 
appear, they imist of necessity have been spontaneously 
generated. In tlio words of Dr. Bastian: “We can only 
infer that while the boiled saline solution is quite inca- 
pable of engendering bacteria, such organisms are able to 
arise de novo in the boiled organic infusion.” ’ 

I would ask my eminent colleague what he thinks of 
this reasoning now? The datum is — ‘‘A mineral solution 
exposed to common air does not develop bacteria”; the 
inference is — ‘‘Therefore if a turnip infusion similarly ex- 
posed develop bacteria, they must be spontaneously gen- 

« “ProooodlugB of tlio Itoyal flocloty,’’ vol. xxi. p. 130. 
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erat<j<l.” The inforonce, on the face of it, is an unvrM. 
ratitod one. Hui while aa matu^r of logic it is inconclusive, 
as matter of foot it is chimcrii al. Ismdon air is a« surely 
charged with the germs of hneteriu as Ismilou chimneys 
are with smoke. Tim infenmeo just referred to is com- 
jdetoly diH|u)Med of l*y the simple qnesli»>tj: "Why, when 
your sterilirsul organic infusion is ex}M«Hfid to optically 
pure air, should this generation of lifo dn imvo utterly 
oeaseP Why should I l»e aide to pnwervo my turnip-Juioe 
aide hy side witli your Halino stdntion for the throe hun- 
dred and sixty- five days of tlm year, in fmi connection 
with the general atmosphere, on the sole condition that 
the portion of that atmospliert! in eimtaet with the juice 
shall Ihs Ytsildy free from floating dnst, while three days' 
oxpoRure to that dust tills it with hneteriaP" Am I ovo^ 
sanguino in hoping that as regards the argument hero set 
forth ho who runs may read, and ho who reails may unde^ 
stand? 

Wo now proceed U* the calm and thorough eonsidcra- 
tion of another suhjoct, more important if possible than 
the foregoing one, hut like it somewhat dillleult to seise 
hy reason of the very opulenoe of the phraseidogy, logical 
and rhetorical, in which it has lamn set fortli. Tlie sub- 
ject now to bo consitlered rolatas to what has been called 
"the death-point of bacteria," Those who happen to ho 
acquainted with the modem Knglish litcratum of tlm ques- 
tion will romomhor how ohallonge afu^r challenge has lioen 
issued to panspenmatiata in general, and to one or two 
home workers in partioular, to uome to close ciuarters on 
this cardinal point It is obviously the atronghold of the 
English heterogenist "Water," he says, "is Imiling mer- 
rily over a fire when some luokless person utiscts the ves- 
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sel so that the heated fluid exercises its scathing influence 
upon an uncovered portion of the body — hand, arm, or 
face. Here, at all events, there is no room for doubt. 
Boiling water unquestionably exercises a most pernicious 
and rapidly destructive effect upon the living matter of 
which we are composed.” * And lest it should be sup- 
posed that it is the high organization which, in this case, 
renders the body susceptible to heat, he refers to the ac- 
tion of boiling water on the hen’s egg to dissipate the 
notion. “The conclusion,” ho says, “would seem to force 
itself upon us that there is something intrinsically delete- 
rious in the action of boiling water upon living matter — 
whether this matter bo of high or of low organization.” ’ 
Again, at another place: “It has been shown that the 
briefest exposure to the influence of boiling water is de- 
structive of all living matter.” ’ 

The experiments already recorded plainly show that 
there is a marked difference between the dry bacterial 
matter of the air, and the wet, soft, and active bacteria 
of putrefying organic liquids. The one can be luxuriantly 
bred in tho salino solution, the others refuse to bo born 
thoi’O, while both of them are copiously developed in a 
sterilized turnip infusion. Inferences, as we have already 
soon, founded on tho deportment of the one liquid cannot 
with tho wari’ant of scientific logic bo extended to the 
other. But this is exactly what the heterogenist has 
done, thus repeating as regards the death-point of bacteria 
the error into which he fell concerning the germs of the 
air. Let us boil our muddy mineral solution with its 
swarming bacteria for five minutes. In the soft succulent 
condition in which they exist in the solution not one of 


* Jiastittn, ^‘XSroIution,” p. 133. 


s Ibid., p. 136. 


^ Ibid., p. 46, 
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tbem esoapen deBtruotion, Thts name ib tnjo of the tuniip 
infuaitm if it Im inocukttnl with tho living bacteria only 
—-the aerial dust l>eiiig tmrtifully exchidtul. In Inith oases 
tho dead orga«i«nia sink to tho iKitUnu of the liquid, and 
without reiuoeulatiun no fronh orguntHma will arme. But 
tho (UiHo iH ontiroly dilh'nml when wo inooulalo our ta^ 
nip iufuBion with tho doBiotmUnl gonuinal mattor afloat in 
the air. 

The “death-point" of haott'ria is tho maximum tem- 
perature at which they can live, or the jmnimum tempera- 
ture at which they ocmati to live. If, fur example, they 
survive a tompenium* of i-lO”, and do nut survive a tem- 
perature of thts <Usalh-{Huut lies eomewhero Iwtween 

thcee two tempemtureH, ViMnuiui lymph, fur example, is 
proved by Meaum, Braidwood and Vaeber to bo deprived 
of its power of jnftH3titm by brief exjHwuro Ut a tompora- 
ture between 140” and IfiO” Fahr, 'I'his may Im regarded 
aa the death-point of tho lymph, or rather of the particles 
diffused in the lymph, whioh oonatitum tho real conta- 
gium. If no time, however, lio immiui ft>r thts application 
of the heat, the term ‘*dtsath-|K»int’’ is a vagtio oiio. An 
infusion, for example, which will resist five lujurs' ©on- 
tinuous exposure to the Isoiling tem^Hsmture, will suocumh 
to five days’ exjsosuro to a tcmjveralurts fKJ” Fahr. helow 
that of hoiling. The fully developed soft haaUjria of 
putrefying liquids are not only killed hy five minutes' 
hoiling, hut hy less than a single minute's iKnling—in- 
deed, they are slain at altout tho same temperature as tho 
raooine. The same is true of the plm«tia, aotivo Imoteria 
of the turnip infusion.' 

’ In my paper In the '‘Phlloaophlsail Tranwt’Uonii" Air Jsifl, I ptiliitadoul 
and Ufustrated experimeutaUy the dlSerence, ae rt»g;tm)a rapidity at (iovolopi»8n*i 
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But, instead of choosing a putrefying liquid for inocu- 
lation, let us prepare and employ our inoculating sub- 
stance in the following simple way; Let a small wisp of 
hay, desiccated by age, be washed in a glass of water, and 
let a perfectly sterilized turnip infusion be inoculated with 
the washing liquid. After three hours’ continuous boil- 
ing the infusion thus infected will often develop luxuri- 
ant bacterial life. Precisely the same occurs if a turnip 
infusion be prepared in an atmosphere well charged with 
desiccated hay-germs. The infusion in this case infects 
itself without special inoculation, and its subsequent re- 
sistance to sterilization is often very great. On the 1st 
of March last I purposely infected the air of our labora- 
tory with the germinal dust of a sapless Mnd of hay mown 
in 1875. Ten groups of flasks were charged with turnip 
infusion prepared in the infected laboratory, and were after- 
ward subjected to the boiling temperature for periods vary- 
ing from 16 minutes to 240 minutes. Out of the ten 
groups only one was sterilized — that, namely, which had 
been boiled for four hours. Every flask of the nine 
groups which had been boiled for 15, 30, 45, 60, 75, 90, 
106, 120, and 180 minutes respectively, bred organisms 
afterward. The same is true of other vegetable infusions. 
On the 28th of Eebruary last, for example, I boiled six 
flasks, containing cucumber infusion prepared in an in- 
fected atmosphere, for periods of 16, 30, 45, 60, 120, and 
180 minutes. Every flask of the group subsequently de- 
veloped organisms. On the same day, in the case of three 


between water-germs and air- germs; the growth from the already softened 
water-germa proving to he practically as rapid as from developed bacteria. This 
preparedness of the germ for rapid development is associated with its prepared- 
ness for rapid destruction. 
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flasks, Uio Iwiling was prolongwl to 240, 800, anil 860 min- 
uUw; atul tliost* tltnuj flaska mm com|iksltsly aterllisiei 
Animal iufusuma, whirA utuler ortUiuvry circumstances are 
rwulcratl infallibly barren by live minulea' iMiiliug, behave 
like the vegi'Uible infusiaua in ati atmosphere in feoUnl with 
hHy*gt'riiis, On the 80th i>f March, for example, live llaakB 
were chargcil with a clear iufusiim (if Imcf anil iKtiletl for 
00 ininnles, 120 minutes, lbl> laiuuU’s, 240 minutes, anti 800 
minutes respectively. Every one i»f thorn Imiamo subse- 
ijuontly orowileii with nrganisms, ami the aamc hapjmned 
to a porfootly jiolluciil mutton infusion prtiparod at the 
same time. The cnscs are to ho numlwnnl hy huudroilB 
in which siniihir powers of resistance were manifesUstl by 
infusions of the most tUverso kiiuls. 

In the presuneo of such facts I won hi ask my colleague 
whothor it is neiawary to dwell for a single instant on the 
emu-Hidedness of thu livnlence which l«d to the conclUHioft 
that all living mnllor has its life destroyed hy “the brioh 
est exposure to thu iniluemio of iMiiUug water.” An in* 
fusion proved to bu barren by six monihs' exjsisuro to 
moteloas air maintained at a temjK’ruturi* of BO “ h’nhr., when 
inoculated with full-grown aotive hseleria ‘Jills itself in 
two days with organisms so aensilive as to l*e kilksl hy a 
few minutes' exposure to a U’m|»emiure much IriIow that 
of Imiling water. But the extension of this result to the 
doaicoatod germinal matter of the air it without warrant or 
juBtillcation. This is obvious without going beyond the 
argument itself. But wo have gone far Wyond the argu* 
meat, and proved, hy multiplied oxjmriment, the allopcd 
dwrtaruotion of all living matter by the briofeat exiswure to 
the influence of boiling water to l« a delusion. The whole 
logical edifice raised upon this basis falls therefore to the 
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lund; and tlie argument tliat bacteria and tbeir germs, 
ng destroyed at 140°, must, if they appear after ex- 
sure to 212°, be spontaneously generated, is, I trust, 
meed forever. 

Through the precautions, variations, and repetitions 
lerved and executed with the view of rendering its 
alts secure, the separate vessels employed in this in- 
jy have mounted up in two years to nearly ten thou- 
id. 

Besides the philosophic interest attaching to the prob- 
1 of life’s oi'igin, which will be always immense, there 
the practical interests involved in the application of 
1 doctrines here discussed to surgery and medicine, 
e antiseptic system, at which I have already glanced, 
Lstrates the manner in which . beneficent results of the 
vest moment follow in the wake of clear theoretic in- 
ht. Surgery was once a noble art; it is now, as well, 
Loble science. Prior to the introduction of the antisep- 
system, the thoughtful surgeon could not have failed 
learn empirically that there was something in the air 
ich often defeated the most consummate operative skill, 
at something the antiseptic treatment destroys or ren- 
8 innocuous. At King’s College Mr. Lister operates 
I dresses while a fine shower of mixed carbolic acid 
I water, produced in the simplest manner, falls upon 
wound, the lint and gauze employed in the subse- 
mt dressing being duly saturated with the antiseptic. 
St. Bartholomew’s Mr. Callender employs the dilute 
bolic acid without the spray; but, as regards the real 
nt aimed at — the preventing of the wound from becom- 
a nidus for the propagation of septic bacteria — ^the 
,otice in both hospitals is the same. Commending it- 
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wlf M it ilixw the tmiiiptl mind, Oie anti- 

BepUo syulcHi ha« utruok lUwji nmt u» <n>rniany, 

Hiul »|»iM3e ftlloweti, ji wtmhl hftvw given me pleasure 
to jHiiwt out the promnit of tlio "germ Uieory" iu 

reforonce to the |»hoi»mjetm of inloolitHW Oineiwe, tUstin* 
guiHhiiig nrgmmtuiH on nnah^y— wlibh, however, 

arti terribly atrong—from Uumw Irnmnl on aeuial ohserva- 
tiou. I elumlii have hkini to foJhjw up the aeeimnt I 
have alreiwly givini' of Uie truly eneeUeiti rewarehon of 
a young anti an unknown tleruiftn phyaieinn niinunl Koch, 
on Bpbnio fovor, by an aeeomu of what I’ualetir haa re- 
cently done witli reference t«* the aaine aubjin-t, Here wo 
have before uh a living ronUguitn of the moat (letitlly 
power, which we can follow from the iKigimuug to iho 
end of ite life oyoln.* We find it in the hloml or apleeu 
of a amillen animal in the atale, aay, of ahorl motioulw 
rodn. When them* rtala art' plaeetl in a imlrilive liipiitl 
on the warm atage of tin* niierofaHHw, wo aiMui aeo lltoin 
lengtliening into fllwnenla which lie, in tunue caaea, aide 
by aide, forming in athera gratmful hxtpa, or hwoiniiig 
coiled into knota of a outnpluxity not to lx* unravclletl, 
We finally tee thoae filatnenta roaolving tlu’iuaelvca into 
innumerable aporoa, each with death jiolenliaUy hmieoil 
within it, yot not to ho tUBtinguiahad microm-opictdly from 
the haraoleM germa of liaeiUm Tlte biH?terimn of 

aplento fever ia called liaeUiuM Anthrtteia. This formitla- 
bio organiem waa ahown to me by M. IhmU'ur in Paris 
last July. Ilia recent iuvoatigationa rcganliiig the part it 
playa pathologically certainly rank among the ino«t re* 

I *<Portet||h^ E»irt»w,” Havwnlwr, IHIBi (Wawtlck “PaTOwUilim." 
oallInKW »a4 Otvadale bntf pr«»!mtiily lUeiwn wHai »>ti" »n4 imiIoiipb rii« 
acoompllah, tqr thato admlnbla ob«»rfioto»ni on Uw life WiUtry at Um wwiiul#. 
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markable labors of that remarkable man. Observer after 
observer had strayed and fallen in this land of pitfalls, a 
multitude of opposing conclusions and mutually destruc- 
tive theories being the result. In association with a 
younger physiological colleague, M. Joubert, Pasteur 
struck in amid the chaos, and soon reduced it to har- 
mony. They proved, among other things, that in cases 
where previous observers in Prance had supposed them- 
selves to be dealing solely with splenic fever, another 
equally virulent factor was simultaneously active. Splenic 
fever was often overmastered by septicasmia, and results 
due solely to the latter had been frequently made the 
ground of pathological inferences regarding the character 
and cause of the former. Combining duly the two fac- 
tors, all the previous irregularities disappeared, every re- 
sult obtained receiving the fullest explanation. On study- 
ing the account of this masterly investigation, the words 
wherewith Pasteur himself feelingly alludes to the diflEicul- 
ties and dangers of the experimenter’s art came home to 
me with especial force: “J’ai tant de fois dprouvd quo 
dans cet art difficile de I’expdrimentation les plus habiles 
bronchont ^ chaque pas, et que I’interprdtation des faits 
n’est paa moins p^rilleuse.” * 


> “Ownptea-Eendus,” IxulU. p. in. 
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A MAdNKT ftUract^ imn; hut, whr»n we analyae the 
effect we learn that the metal is not only nttmcted, 
but rejHilleil, the final tijummeh ti> the magnet ho* 
ing due to the differetjee «>f twt> une<jual nud o{HK«uig 
forces. SiK’iivl progrcHH ta for the >m»al jmrt typirtwl hy 
this duplex ttr polar actiim. As a general rule, every ad* 
vanoe ia balanced by a partial retreat, every nmelionition 
Ib aaBootaUul more or leaa wttl> ileteriorntum. No great 
meehiinical iinprtn’ement. f<»r example, ia introduceil for 
the honi'llt of Bm’iely at large that does not hear hardly 
upon individuttlH. Hcience, like other ihmgs, m anbject to 
the operation of Uum polar law, what i« good for it under 
one napect being barl for it untler another. 

Science demanda almve all things pemuml concenlra* 
tion. Its homo ia the study of the tnathemiiliciun, the 
quiet Inhoratory of the experimenter, and the cahinel of 
the meditative observer of naturtu Ibfforont ntmoapherea 
are required by Uie man of acienoe, b« such, aiul the man 
of aoUou. ThuH the faoiUUw at social anti intentnliotml 
interoourHo, the railway, the telegraph, ami tlie p«>Ht-(dlk>e, 
which are auoh undoubted botma to tlie men tff action, re* 
act to some extent injurloualy on tlie matt of acionoo. 


' PrMidiBtlal Aftdm#, drilvemd Mora the airmloahimi mttd Mtiihutd Itwfb 
late, Ootobor I, I8n, wfUi »<Jdak»n*. 

( 862 ) 
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Tlicir tendency is to l)re8»ki up tliat conccntrativeness 
wliioli, as I liave said, is an absolute necessity to tlie 
scientific investigator. 

The men wbo have most profoundly influenced the 
world from tbe scientific side have babitnally songbt iso- 
lation. Faraday, at a certain period of his career, for- 
mally renounced dining out. Darwin lives apart from the 
tustle of the world in his quiet home in Kent, Mayer 
and Joule dealt with the weightiest scientific questions in 
unobtrusive retirement. There is, however, one motive 
power in the world which no man, be he a scientific stu- 
dent or otherwise, can afford to treat with indifference; 
and that is the cultivation of right relations with his fel- 
low-men — the performance of his duty, not as an isolated 
individual, bat as a member of society. It is duty in this 
aspect, overcoming alike the sense of possible danger and 
the desire for repose, that has placed me in your presence 
here to-night. 

To look at his picture as a whole, a painter requires 
distance; and to judge of the total scientific achievement 
of any age, the standpoint of a succeeding age is desir- 
able. We may, however, transport ourselves in idea into 
the future, and thus survey with more or less complete- 
ness the science of our time. We sometimes hear it de- 
cried, and contrasted to its disadvantage with the science 
of other times. I do not think that this will be the ver- 
dict of posterity. I think, on the contrary, that posterity 
will acknowledge that in the history of science no higher 
samples of intellectual conquest are recorded than those 
which this age has made its own. One of the most salient 
of these I propose, with your permission, to make the sub- 
ject of our consideration during the coming hour. 
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It ifl now genemlly iMimilkHl that the man of to-day ig 
the child and protinat of inealoukble antecedent time, 
Hia phyaioal and intellectual taxtim« have been woven 
for him during hia paamge through phaaea of hiatory and 
forma of exiatenco which load the mind back to an abys- 
mal past. One of the tiualiUca which he ha« derived from 
that past is tlio yearning to let in the light of principles 
on the otherwise bowildoring Ihix of iihcnomena. He has 
been described by the tiernmn Lichtenlwrg as “das rast- 
lose Urmchontluor” — the restless cause-seeking animal--in 
whom facts excite a kind of hunger t<j know the sources 
from which they spring. Never, I venture to say, in the 
history of the world has Uiis longing been more liberally 
responded to, botli among men of sinence luul the general 
public, than during tiie last Uiirly or forty years, I say 
“the general public,*' betmuso it is a feature of our time 
tliat the imin of stncnce mt lunger limits his labors to the 
society of his colleagues and his jK*ers, but shares, as far 
as it ia possible te sliaro, with the world at large the 
fruits of inquiry. 

The celebrated Robert Hoyle ri'garded the universe as 
a tnaohiue; Mr. Oarlyle prefers rcganling it as a tree. Re 
loves the image of the umbrim;mtus Igdrasil better than 
that of the Strasburg clock. A madiim' may be dedued 
as an organism with life and direction outside; a tree may 
be defined as an organism widt life ami direction within. 
In the light of these definitions, I close with tlic concep- 
tion of Carlyle, The onlor and energy of tlio universe 
I hold to be inherent, and not imposed from without, 
the ex|ne^ion of fixed law and not (»f arbitrary will, 
esewfiged by what Carlyle would call an Almighty 
Olookmakwf. But ^e two ooncepUons are not so much 
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opposed to each other after all. In one fundamental par- 
ticular they at all events agree. They equally imply the 
interdependence and harmonious interaction of parts, and 
the subordination of the individual powers of the universal 
organism to the working of the whole. 

Never were the harmony and interdependence just 
referred to so clearly recognized as now. Our insight 
regarding them is not that vague and general insight to 
which our fathers had attained, and which, in early times, 
was more frequently affirmed by the synthetic poet than 
by the scientific man. The interdependence of our day 
has become quantitative — expressible by numbers — ^lead- 
ing, it must be added, directly into that inexorable reign 
of law which so many gentle people regard with dread. 
In the domain now under review men of science had first 
to work their way from darkness into twilight, and from 
twilight into day. There is no solution of continuity 
in science. It is not given to any man, however en- 
dowed, to rise spontaneously into intellectual splendor 
without the parentage of antecedent thought. Great dis- 
coveries grow. Here, as in other cases, we have first the 
seed, then the ear, then the full corn in the ear, the last 
member of the series implying the first. Thus, as regards 
the discovery of gravitation with which the name of New- 
ton j^is identified, notions more or less clear concerning it 
had entered many minds before Newton’s transcendent 
mathematical genius raised it to the level of a demonstra- 
tion. The whole of his deductions, moreover, rested upon 
the inductions of Kepler. Newton shot beyond his pre- 
decessors ; but his thoughts were rooted in their thoughts, 
and a just distribution of merit would assign to them a 
fair portion of the honor of discovery. 
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Sf it'll liliis tlieiirim {iunt likw rumors in tlw 

air Infc'furt’ tlwy rtH-t'ivf tHuujiU’to i’s,|trenMimi. The doom 
uf a iltKilriuu i« tifM’ii maliHl, ami the truth of 

uao in tdlen privolit'*.Uy mn'i^puaj, Umg prior k» the demom 
HtriUinn of t'iUu’r the urror or t!it» truth. I’erputual motion 
wan dimuirthul In'Inrt' it wii?< pruvnl to 1 h' ojijhwihI to natu- 
ral law I HUil, m rff^rardH lht> t'oiimi-iiuit iinii iiitcraotion of 
imturiU foroen, iuliiiuitioim of miMloru are strewn 

through tito writiiiga of la'ilmili?., Ihiyle, llm>ke, Ltxikeaad 
olhrm. 

Ctmfltiiug oumdvtja U> ri-wnt (iimm, I>r. Iiigloby has 
jiointedi out tti tiu» mugularly wigaoioua rtuuarks l>ear* 
iiig ii|hm thiH cjut’Mtinii, whiuh woro j»»}'li.><hiHl hy an anony- 
mous writer iu {•omUnilion waa ooiiMjiiouous 

in l8tB. Mohr had gra«iHHl in lg;i7 thH'|i-lying truth 
The wrilitigs of Fiiradiiy furniah fr«tiu»?nl IlluHtrationB of 
hi« profound Kdittf iu tho unity of uiiluro. *‘I have 
long," he wriloH iu iJvtfi, "held au opuiiou alimwtt ainoiiut* 
hig to oouviotUm, in ixjuiiuuu, I iRdieve, with otlu'r lovers 
uf natural knowleilgo, that the varitma forma under whioh 
the foEwai of matter are made mauiftwt have one etimraon 
orlgini or, in other words, are ao dittH'tly ndatetl and mu- 
tually depundciil, that they are ooiivtirtihlu, ii« it wore, one 
into another, and jHiaaeaH iHiuivalenuo of power in their 
aotion." Ilia own reaoarchea on magneto-tdeolricity, on 
eleotro-oUemlatry, and on the "magnetiaalion of light," 
^ed him directly to this Imlief. At an early date Mr. Jut- 
tioe Grove matle hia mark ujam thin qneBtion. Guiding, 
though starting from a metaphyaieal haaia. graapod evont- 
the relation between heat and meohanieal work, and 
sought to dfitTOmine it experirnontelly. And here let me 
say that to him who ha* only the truth at heart, and who 
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Ls dealings with scientific history keeps his soul un- 
ed by envy, hatred, or malice, personal or national, 
j fresh accession to historic knowledge must be wel> 
I. For every new-comer of proved merit, more espe- 
T if that merit should have been previously over- 
5 d, he makes ready room in his recognition or his 
•ence. But no retrospect of scientific literature has 
at brought to light a claim which can sensibly affect 
positions accorded to two great Path-hewers, as the 
lans call them, whose names in relation to this sub- 
are linked in indissoluble association. Tliese names 
fulius Robert Mayer and James Prescott Joule. 

1 his essay on “Circles” Mr. Emerson, if I remember 
ily, pictured intellectual progress as rhythmic. At a 
\ moment knowledge is surrounded by a barrier which 
:s its limit. It gradually gathers clearness and strength 
by and by some thinker of exceptional power bursts 
carrier and wins a wider circle, within which thought 
more entrenches itself. But the internal force again 
nulates, the new barrier is in its turn broken, and 
nind finds itself surrounded by a still wider horizon. 
1, according to Emerson, knowledge spreads by intei'- 
int victories instead of progressing at a uniform rate, 
rhen Dr. Joule first proved that a weight of one 
d, falling through a height of seven hundred and 
ity-two feet, generated an amount of heat competent 
'arm a pound of water one degree Fahrenheit, and 
in lifting the weight so much heat exactly disap- 
jd, he broke an Emersonian “circle,” releasing by the 
in amount of scientific energy which rapidly overran 
at domain, and embodied itself in the great doctrine 
m as the “Conservation of Energy.” This doctrine 
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ro«ognij!CH in the maUsrinl univemn a cotmtant suia of 
power matl<3 up of ituiu« atnutig whksh the uioat Proteaa 
tiuctualiotva are ineeananlly going oji. It i« an if iho body 
of Nature were alive, the thrill ami interchange of its on- 
ergiea remsnihling thoee of an orgauiam. The parts of the 
“stupeiuJouB whole” nhift atul change, augment and di- 
minish, appear nml iltHappear, while the tola! of wbioli 
tlioy arc Iho parts remaiuH tjuanlitatively ininmtahla Iia- 
muuhlo, iKJcauHO 'when change ooeura it i« always polar— 
pluH accompanies minus, gain aeeompnnies loss, no item 
varying in the slightest degree without an ahsolutoly equal 
change of Bt)mc other iu*m in the opposite tlirection, 

Tho sun wanes the trojiieal tH?ean, converting a jicrtion 
of its liquid into vajiar, which rises in the air and is rooou- 
densed on mountain heights, returning in rivers to tho 
ocean from which it came. Up to the isunt where oon- 
densation imgins, an amount of heal exactly eiiuivalent 
to the inoleoular work i)t vaporisation ami the mtH-hanloal 
work of lifting tho vjqior to the uumutain-topH has disap- 
p^ir<^ from the universe. What is the gain eorraspond- 
ing to this It will wicm when mentioned to !«> ex- 

pressed in a foreign tnirrenoy. The loss is a loss of heat; 
the gain is a gain of distance, Isith as regards nuuuH^s and 
molooulei. Water which was formerly at the sea-level has 
boon lifted to a position frtmi which it can fall; molecule 
which have lioen lookcxl together as a liiiuid are now sop- 
arat© as vapor which can recondense. After oondensation 
gravity comes into effectual play, pulling the showers 
down, upon idie hills, and the rivers thus esreaksi through 
iWhf gorges to the sea. Kvery raindrop which smites the 
mountain produo^ ita definite amount of heat; every river 
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in its course develops heat by the clash of its cataracts 
and the friction of its bed. In the act of condensation, 
moreover, the molecular work of vaporization is accurately 
reversed. Compare, then, the primitive loss of solar 
warmth with the heat generated by the condensation of 
the vapor, and by the subsequent fall of the water from 
cloud to sea. They are mathematically equal to each 
other. No particle of vapor was formed and lifted with- 
out being paid for in the currency of solar heat; no 
particle returns as water to the sea without the exact 
quantitative restitution of that heat. There is nothing 
gratuitous in physical nature, no expenditure without 
equivalent gain, no gain without equivalent expenditure. 
With inexorable constancy the one accompanies the other, 
leaving no nook or crevice between them for spontaneity 
to mingle with the pure and necessary play of natural force. 
Has this uniformity of nature ever been broken? The 
reply is: “Not to the knowledge of science.” 

What has been here stated regarding heat and gravity 
applies to the whole of inorganic nature. Let us take an 
illustration from chemistry. The metal zinc may be burned 
in oxygen, a perfectly definite amount of heat being pro- 
duced by the combustion of a given weight of the metal. 
But zinc may also be burned in a liquid which contains 
a supply of oxygen — in water, for example. It does not 
in this case produce flame or fire, but it does produce 
heat which is capable of accurate measurement. But the 
heat of zinc burned in water falls short of that produced 
in pure oxygen, the reason being that to obtain its oxy- 
gen from the water the zinc must first dislodge the hy- 
drogen. It is in the performance of this molecular work 
that the missing heat is absorbed. Mix the liberated 
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hytlw^gon with oxyguit a-ml oauw thinn k» rucombine; the 
heat develo{H.iil is mathsuiatitmlly eijual k> the uuBHitig heat 
Thua itt pulling tlu» oxygen lunl hydrogini aaunder aa 
amount of heat i« cousunaHl which in atxsumtcly mtorad 
by their reunion. 

This IcnilH up to ft few rcmarkH upon the Voltaic bat- 
tery. It i« not my dt^ign to dwell upon the technical 
features of thiH womlerful iuBtruim-nl, but nimply, by 
mettuft of it, to »how what varying HlmpoM n given amount 
of energy can awiumo while uiaiutainmg unvarying quanti- 
tative atftbility. When that form of jKJWor which we call 
an eleotrio current paKHoH through drove's batUiry, Kino is 
conaumod in RcidulaUnl water; and in the battciy we are 
able 80 to amiige matteni that when no current pasReg no 
Kino fthftll tm oonaumed. Now the current, whatever it 
may Im, |)088e«8e« the power of gonemling heat ouiaide 
the battery. Wo can fust! with it iritliuiu, the moat re- 
fractory of motals, or wo can produce with it the daKSsUng 
electric light, ami that at any torroatriul dietarum from the 
battery itaelf. 

We will now, hov. aver, oonUmt ounadven with oaueing 
the current to raiae a given length of platinum wire, lirst 
to a blood heat, thon to retlnowi, and linally to a white 
heat. The heat under thcae eireumatancos gonemted in 
the battery by the oornbustion of a llacd quantity of zinc 
is no longer ootmtant, but it varies inversely an the heat 
generated outside. If the oubiide heat be nil, the intiide 
heat is a maximum; if the external wire bo raised to a 
blood-heat, the internal heat falla slightly short of the 
maxdmtmu If the wire be rendered red-hot, the quantity 
of misrtng hwit within the battery is greater, and if the 
external wire be rendered white-hot, the dofeot is greater 
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11. Add together the internal and external heat pro- 
ced by the combustion of a given weight of zinc, and 
u have an absolutely constant total. The heat gen* 
ited without is so much lost within, the heat generated 
thin is so much lost without, the polar changes already 
verted to coming here conspicuously into play. Thus 
a variety of ways we can distribute the items of a never- 
rying sum, but even the subtle agency of the electric 
crent places no creative power in our hands. 

Instead of generating external heat, we may cause the 
front to effect chemical decomposition at a distance from 
) battery. Lot it, for example, decompose water into 
ygen and hydrogen. The heat generated in the battery 
der those circumstances by the combustion of a given 
ight of zinc falls short of what is produced when there 
no decomposition. How far short? The question ad- 
ts of a perfectly exact answer. When the oxygen and 
drogen recombine, the heat absorbed in the decomposi- 
n is accurately restored, and it is exactly equal in 
ount to that missing in, the battery. We may, if we 

0 , bottle up the gases, carry in this form the heat of the 
ttory to the polar regions, and liberate it there. The 
btery, in fact, is a hearth on which fuel is oonsurned; 
t the heat of the combustion, instead of being confined 
the usual manner to the hearth itself, may bo first lib- 

1. ted at the other side of the world. 

And here wo are able to solve an enigma which long 
rplexod scientific men, and which could not be solved 
til the bearing of tho mechanical theory of heat upon 
3 phenomena of the Voltaic battery was understood. 
i6 puzzle was, that a single cell could not decompose 
ter. The reason is now plain enough. The solution 
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of an ftquivalent of »inc in a singb cell develops not 
mucli tnoro than half the amount of heat required to de- 
oompoao an equivalent of water, and the aijiglo cell can- 
not cede an amount of force whmh it fioe« not iiossess. 
But by forming a battery of two cella itmUuul of one, 
we <ittveUq> an amount <if heat alightly tJi oxcosa of 
that jicedod fur the dtH'onqKmiUuu of the water. The 
two-cellod battery i« therefore neh enough to pay for 
that decom|Ki«ttion, and to nminmin the exeesa referred 
to within its own oolla. 

Similar refleetiona apply to Uu» thermo eUwtric pile, 
an instrument uanally compcnnvd of Hsnall liars of bismuth 
and antimony soldered altanmt«dy Uigetitwr. 'I’ho electric 
current is hero evoked by warming the aohlerod junotaons 
of on© foe© of the pile. I»ike tho Voluiie current, the 
thermo-electric current can heat wires, produce decom- 
position, magnetiifti jron, anil tlullccl a magnetic needle at 
any diatanoa from ite origin. You will be dispoaed, and 
rightly dispoaeti, to rt^fer thost' distant manifosUitionB of 
power to the heat oomumnicaUHl u» tho face of the pile, 
but tit® oaae ia worthy of closer oxamiimltt>n. In 1820 
Thomas Boebeok dmoovennl thermo chHitricity, and six 
yoara suhaequeutly Peltier made an observation which 
oom^ with singular folimty ti> our aid in determining the 
material used up in tho formation of the thermo-eleotrio 
current. If© found diat when a weak extraneous current 
was gout from antimony to hbmutlr tho junction of the 
two metals waa always heated, but that whea tlto direo- 
rilim was from bismuth to antimony tlio junction was 
©Irilldd. Now the current in the tliermo-pilo itself is al- 
ways from bismuth to antimony, aortuis the heated junc- 
tdou — a direotiou hu wMoh it cannot possibly establish itself 
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witliout consuming tlie heat imparted to the junction. 
This heat is the nutriment oi the current. Thus the heat 
generated by the thermo-current in a distant -wire is simply 
that originally imparted to the pile, which has boon first 
transmuted into electricity, and then rotransmuted into its 
first form at a distauco from its origin. As water in a 
state of vajior pH.sHOri from a boiler to a distant condenser, 
and there aHHuiues its primitive form without gain or loss, 
so the heat commuiiioatcd to the tlicrmo-iiilo distils into 
the subtler electric current, whicli is, as it were, I’ocon- 
donsod into heat in the distant platinum wire. 

In my youth I thought an elooti’o-magiiotio engino 
which was shown to mo a voritahlo perpetual motiou — & 
machine, that is to say, which porfonuod work without tho 
expenditure of jiowor. Lot us oonsidor tho action of suoh 
a maohino. Suppose it to ho oraployod to pump water 
from a lower to a higher level On examining the battery 
which works the engine we find that the jsino consumed 
does not yield its full amount of heat, Tim quantity of 
heat thus missing within is tho exact thermal equivalent 
of tho nuichauical work performed without. Ixit tho water 
fall again to tho lower level; it is warmed hy the Call. 
Add tho heat thus produced to that generated hy the fric- 
tion, mechanical and magnotical, of tho engine; we thus 
obtain tho prooise amount of heat inissing in tho buttoiy. 
All tho effects obtained from the maohino are thus strictly 
paid for; this “payment for results” being, I would re- 
peat, tho inexorable method of nature. 

No engine, however subtly devised, can evade tins 
law of equivalence, or perform on its own account the 
smalleet modicum of work, Tho maohino distributes, bat 
it oanuot create. Is tho animal body, then, to be classed 
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iLinoiig mauhituiH? Wluni I lift u weight, or throw a stone, 
or olimh a mountain, or wroallw with my romrade, am I 
not ounHoioua of luslually croaUiig ami fxjituiiling force? 
Lot UH look at tlio auU'iuHlonts of ihia fonns. Wti derive 
tlui niuaclo and fat of onr IhhUoh from what wa oat. Ani* 
mal heal you know t«» ho duo to tin* alow ooinlnwtion of 
thin fuot. My nrm ia now uiiwltvo, ami tho ordinary glow 
combuHliun of my hliHul and iiaano ia going on. Knr every 
grain of find thua Imrimd n ju-rfootly ilollnito amount of 
boat hag haon jirmlucod. I miw otuitraol my hioepa muscle 
without oanaing it to jHirform exioriud work. The oom- 
bnation in iiuiokmmd, nml Urn heal in im rriiMfd ; thiH addi- 
tional lunit hi'ing lUmruUul in tho mmu'h' itwdf. I lay hold 
of a 56*11). weight, and hy ihi* fonirucinm of my biceps 
lift it through tlie vorUoul ajmim of a f«ioi. Tim hUmd and 
tiasuo csonsumod during thi» oonlriu’tion have not devel- 
oped in Urn muaolo tlmir due amount of heat. A quantity 
of heat U at tids momont miasing in my musedo which 
would, raiao the temimraturo of an umum of water some- 
what more than one degrtm Fahrenheit. I Uherate the 
weight: U lallii to the and hy ita oollision gonerateg 

the preoise amount of heat miming in tho muatdo. My 
musoular heat i« thna tranafarroil from its local Imarth to 
external apaoe. Tho fuol ia oananniod m my luxly, but 
the heat of oomhugtion ia protlutted outaido my body. 
The oaue i» aubatantially tho name m that of the Voltaic 
battery when it perfoniw external work, or produces ex- 
temal heat. All this points to the ctmeluaion that the 
iofoe we employ in musoular exertion ia tho foroe of bum- 
ing ItoeiL and not of oreative will. In the light of these 
fact# the body la seen to be aa inoapable of generating 
energy without expenditure^ aa the aoUda and liquida of 
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ilie Voltaic battery. The body, in other words, falls into 
ihe category of machines. 

We can do with the body all that we haye already 
lone with the battery — heat platiimm wires, decomposo 
yater, magnetize iron, and deflect a magnetic needle. 
Hho combnstion of rnnscle may be made to produce all 
ihesc ofCectH, as the combustion of zinc may be caused to 
3roduc0 them. By turning the handle of a magneto-elec- 
irio rnachhio a coil of wire may be caused to rotate bo- 
.wocn the poles of a magnet. As long as the two ends of 
;ho coil arc inujonnooted wo have simply to overcouio the 
)rdinary inertin, and friction of the machine in txirning the 
landlo. But the moment tlio two ends of the coil are 
xnitod by a thin platinum wire a sudden addition of labor 
B tlirown upon the turning arm. When the ncccBsary 
abor is oxpciulod, its ecjaivalent immediately appears. 
Iflio platinum wire glows. You can readily maintain it 
it a white heat, or even fuse it This is a very remark- 
ible result From the muscles of the arm, with a ternper- 
itiiro of lOO'^, wo extract tlio temperature of molten plati- 
lutn, which is nearly four thousand degrees. The xniraclo 
lere is tlio roverso of that of the burning bush mentioned 
n Exodus. There the bush burned, but was not oon- 
rnmed: here the body is consumed, but does not burn, 
riio similarity of the action with that of the Voltaic bat- 
;ery when it heats an oxtemal wire is too obvious to need 
pointing out. When the machine is used to decompose 
vator, the heat of the muscle, like that of the battery, is 
consumed in molecular work, being fully restored when 
ihe gases rooombino. As before, also, the transmuted heat 
3 £ the muscles may be bottled uj), carried to tho polar re- 
gions, and there restored to its pristine form. 
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The tnattar of the human botiy )«< th« aamo as that ot 
the wt)rlil aroiuid ua; and hero wo lind tlio forcea of the 
huumu body identical with tlunw of inorgiuiio nature. Jnjt 
aa little aa tlw Voltaio liatutry i« the aniuial lualy a cre- 
ator of force. It i« an apparatus extjuisito and effootual 
beyond all othora in tratmforming ami tUstributing the 
energy witli which it ia auppliiHl, but it {HiaaoiuteH no crea- 
tive power. Gompaml witii tho nnti<m« provioualy enter- 
tained regarding the play of “vital force" this is a great 
result. The problem of vital dynamics has been dcaorihed 
by a competent authority aa “the grandest of all." I eub- 
scribe to tlu« opinion, ami honor corroaptmdingly the man 
who Ar«t Bncccaafully grappled witli the pr«»blom. He was 
no pope, in the aonae of being infslUblo, but he was a 
man of gomus whose work will be held in honor aa long 
as science endures. I have already named him in connec- 
tion with our illustnous countryman, Dr. Joule, Other 
eminent men took up this subject aubswimmtly and inde- 
pendently, bat all tliat has la^en done hitherto onhanoea 
instead, of diminishing tlio merits of Dr. Mayer. 

Oonsldw the rigor of his reaaouing. "Ikiyond the 
power of generating internal heNst, tiio animal organism 
can generate heat external to it-ielf. A blacksmith by 
hammering can warm a nail, and a savage by friction can 
heat wood to its point of ignition. Unless, then, wo aban- 
don tire phyaiologioal axiom that the animal Irndy cannot 
create heat out of notiiing, wo are driven to tlm oonolu- 
siozi. that U is the total heat, within and without, that ought 
to be regarded at the real eahrifio qffect of the omdaHon 
^ body ” Mayer, however, not only states the 
inAneijile, but iUuaterates numerioally the transfer of mus- 
cular heat to mtteamal space, A bowler who imparts a 
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)city of 30 feet to an 8-lb. ball consumes in the act tV 
, grain of carbon. The heat of the muscle is here dis- 
uted over the track of the ball, being developed there 
mechanical friction. A man weighing 160 lbs. con- 
ies in lifting his own body to a height of 8 feet the 
t of a grain of carbon. Jumping from this height the 
t is restored. The consumption of 2 oz. 4 drs. 20 grs. 
jarbon would place the same man on the summit of a 
xntain 10,000 feet high. In descending the mountain 
amount of heat equal to that produced by the oombus- 
L of the foregoing amount of carbon is restored. The 
3clos of a laboi’cr whose weight is 160 lbs. weigli 64 
When dried they are reduced to 16 lbs. Were the 
lation corresponding to a day-laborer’s ordinary work 
rted on the muscles alone, they would bo wholly con- 
led in 80 days. Wore the 'oxidation necessary to sus- 
L the heart’s action concentrated on the heart itself, it 
lid be consumed in 8 days. And if we coniine our 
mtion to the two ventricles, their action would con- 
le the associated muscular tissue in 3J^ days. With a 
loss and pi-ocision of which this is but a sample did 
>^ex‘, between 1842 and 1846, deal with the great ques- 
L of vital dynamics. 

tn direct opposition, moreover, to the foremost soien- 
> authorities of that day, with Liebig at their head, 
i solitary Heilbronn worker was led by his calculations 
naintain that the musoles, in the main, played the part 
machinery, converting the fat, which had been previ- 
ly considered a mere heat-producer, into the motive 
>rer of the organism. Mayer’s prevision has been jus- 
sd by events, for the scientific world is now upon his 
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We^ placfl, thun, ftwtl in ntir uttmtuclia aa bo much oom- 
huHtiliUi inatu^r. It is tlrat iHmboIvciI \iy purely chemical 
prtuu'aBOH, anti the nutritive Jluiil ia iKumal i»tt^ the blood. 
Here it iiomea into wntiiot with ttlnumpherio oxygen ad< 
raitteil by the Uiiiga. It uniUsa with the oxygon wood 
or veal might uniu* with it in «. furmice. The matte^ 
protluula of the union, if I mny uae tlm term, are the 
Baino in IkiIIi eiwica; viss., carbomo nehl anti water. The 
forets-protluota are aleo Uio wuno- hnit within tlnslKKly, or 
heat ami work tmtaitle the lanly. ThuH far every aotion 
of the organiem Uehmga Ui the tlunmin either of phywoa 
or of eshombtry. Hut you tmw me emitrnet the muscle of 
my anil. What enahletl mo tti Uo «t»V Wust it or was it 
not the tUroot action of my will ? T’ho uimwer is, the ac- 
tion of the will b meiliato, not ilireel. Over ami above 
tho rauBcloB thn human organiMm ia proviiietl with long 
whitish (Ihiments of mwhillary mutter, which issue from 
th® spinal ooluinn, Iwing eonuetiU-tl by it ttn the one sick 
with tho brain, anti on tbe other siih' losing ihomsolves in 
the mustslcsi. Those filaments or cords are the nerves, 
whloh ytm know am dividtHl into two himls, seiitMir and 
motor, or, if you liko the tonns lutitcr, uJlennit and efier- 
ont nerves. Tim ftirmer carry imprcHshms from the ex* 
tomal world to tho brain j the hitter convoy tlus behests 
of the hrain to tho muaeloit. Hero, a« obowhorw, we find 
ourselvoa aided by tho nagaoity tif Mayor, who was the 
first clearly to formulate the part playotl by the norvea in 
th® organism. Mayer saw that neither nerves nor bmiu, 
wr both togather, possesind tho energy necessary to anl* 
fflMtl hut he also saw that the nerve oould lift a 

lalioh and opoa a door, by whiolt floods of energy are kt 
loose. “As aa engineer,'* he says with admimblo lucid* 



ity, “by the motion of his finger in opening a valye or 
loosening a detent can liberate an amount of mechanical 
energy almost infinite compared with its exciting cause; 
so the nerves, acting on the muscles, can unlock an 
amount of power out of all proportion to the work done 
by the nerves themselves/’ The nerves, according to 
Mayer, pull the trigger, but the gunpowder which they 
ignite is stored in the muscles. This is the view now 
universally entertained. 

The quickness of thought has passed into a proverb, 
and the notion that any measurable time elapsed between 
the infliction of a wound and the feeling of the injury 
would have been rejected as preposterous thirty years 
ago. Nervous impressions, notwithstanding the results of 
Haller, were thought to be transmitted, if not instan- 
taneously, at all events with the rapidity of electricity. 
Hence, when Helmholtz, in 1861, affirmed, as the result 
of experiment, nervous transmission to be a comparatively 
sluggish process, very few believed him. His experiments 
may now be made in the lecture-room. Sound in air 
moves at the rate of 1,100 feet a second; sound in water 
moves at the rate of 5,000 feet a second; light in ether 
moves at the rate of 186,000 miles a second, and electric- 
ity in free wires moves probably at the same rate. But 
the nerves transmit their messages at the rate of only 70 
feet a second, a progress which in these quick times might 
well be regarded as inordinately slow. 

Your townsman, Mr. Gore, has produced by electroly- 
sis a kind of antimony which exhibits an action strikingly 
analogous to that of nervous propagation. A rod of this 
antimony is in such a molecular condition that when 
you scratch or heat one end of the rod, the disturbance 
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propagaU* ittolf befortt your t»yf» U> tht» other end, the 
onwanl nmroh of the diaturhanco boing annoum-ed by the 
dovolopmeut of heat and fuinc« ahmg Uio line of prt)pa|a. 
tioti. In Bome anah way the moUnsuloa of the Jiorvea are 
BuocesHively overthrown; ami if Mr. (hire could only de- 
vIho wimo incana of winding up hi« exhuuBted antimony, 
na the nutritive bliUKl winda up oxhauatod norvtss, the 
oompariaon would la» oompiolB. Tiio Bubjeot may be 
summed up, as Du Uoiadleymtnnl baa aummed it up, by 
referenoe to the cane of a whido airtick by a harpoon in 
the tail. If the animal were 70 feet long, a WHumd would 
elwfwie befum the dislurlwuco ctudd reach ti»e brain. But 
tlio impreBsion after ita arrival has u» diffiuHi itself and 
throw tlie brain into tlm imdoeular conduion umawary to 
otmaoiouBness. Then, and not till tluni. the eominand to 
tho tail to defend itself m shot through the motor nerves, 
Anotiior wHumd must elapse before the oommand can 
reach tho tail, ao that more than lwt> aceomls transpire 
between tlie inllietion of the wouml and the muscular 
reaponao of tlie part woundwl. 'I'he intorval retjuirwl for 
the kindling of eonaeiottBaena would prolmldy more than 
BuMee for tho dwtoaction of thv brain by lightning, or 
even by a rifle-bullet. Before tlio organ can arrange it- 
Bolf it may, therefore, Ini destroyed, and in such a cane 
wo may safely oonelmle Biat death is painlewi. 

Tho experieimeB of common life siipjdy u» with copi- 
ous inidanoes of the lilmrstion of vast stores of nuuKsulwr 
|K>we* by an inflnitosimal "priming" of tlie mu«oli« by 
BMrtras. We all know the effect pnalueed on a 
TOftts" m:|^ai8ati<m by a alight sound which cauaea affright 
•jikn aUrial wavs, #ie ®n®rgy of which would not reaoh a 
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rainute fraction of that necessary to raise the thousandth 
of a grain through the thousandth of an inch, can throw 
the whole human frame into a powerful mechanical spasm, 
followed by violent respiration and palpitation. The eye, 
of course, may be appealed to as well as the ear. Of this 
the lamented Lange gives the following vivid illustration; 

A merchant sits complacently in his easy-chair, not 
knowing whether smoking, sleeping, newspaper reading, 
or the digestion of food occupies the largest portion of 
his personality. A servant enters the room with a tele- 
gram bearing the words, ‘‘Antwerp, etc. . . . Jonas and 
Co. have failed.” “Tell James to harness the horses!” 
The servant flies. Up starts the merchant, wide awake; 
makes a dozen paces through the room, descends to the 
counting-house, dictates letters, and forwards despatches. 
He jumps into his carriage, the horses snort, and their 
driver is immediately at the bank, on the Bourse, and 
among his commercial friends. Before an hour has elapsed 
he is again at home, where he throws himself once more 
into his easy-chair with a deep-drawn sigh, “Thank God 
I am protected against the worst, and now for further 
refllection.” 

This complex mass of action, emotional, intellectual, 
and mechanical, is evoked by the impact upon the retina 
of the infinitesimal waves of light coming from a few pen- 
611 marks on a bit of paper. We have, as Lange says, 
terror, hope, sensation, calculation, possible min, and vic- 
tory compressed into a moment. What caused the mer- 
ctant to spring out of his chair? The contraction of ^ 
mnsoles. What made his muscles contract? An impulse 
of the nerves, which Hfted the proper latch and liberat^ 
the mnscnlar power. Whence this impulse? From the 
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con tiro of tho norvouH oyototn. But Imw did it originat* 
tlioro? Thia ia tho critical (luimtiuii, to which some wid 
reply that it had ita origin in tlio human »ouL 

Tho aim and offttrl td mnimcH! i« to explain the un* 
known in terms of tho known. Kxpluiuition, thorefore, 
is cnnditi«mtHl by knowlodgo, Y<su have probably hoard 
tho story of tho Gerrmm junuiiinl, who, in early railway 
days, was takon U) see Um porformauco of a Uicomodve. 
Ho had nover known oarriagos to bo movwl oxcopt by 
animal power. Every explanation outanh' of this conoep* 
tion lay beyond his «x|Kirioncc, ami could not Iks invoked. 
After long ndlcction therefore, and wmiug n«i {wssible 
esoapo from the conclnsitm, he uxcliiinuHl coidUlently to 
his oompanion, "Es mUHsen dwdt I’fentc darin soin" — 
There mnat be horees inside- Amusing as this looomo* 
tivo theory may seem, it illustrates a deep-lying truth. 

With retcronco to tmr pnwnt ciuestion, somo may be 
disposed to pttsss ujron me such considoraliimH as these: 
Yout moUir nerves am bo many spt'aking-tubBS, tljrough 
which meaaages arts aent from the man to the world; and 
youT sensor n&rvm are so many conduits through which 
the whispers of the world art» sent back to the rtian. But 
you have not told us where in tlie umn. Who or what 
is it that Bends and rt'oeives tlume tm^sstiges through the 
bodily organism? Do not tlie phenomena p«>int to the 
existence of a self within the self, whhdi acts Unrough 
die body as through a skilfully construcUal instrument? 
You piotur© die musolos a« hearkening to tho commandB 
•Kit through die motor norvrw, awl you pioturt' the sansor 
iB»eviw as the vebidoe of inooming intolligenee; aro you 
not botmd to supplement this meobanism by Uie assump- 
tion of an ©ttdty which uses it? In other words, am you 
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forced by your own exposition into the hypothesis of 
eo human soul ? 

rhis is fair reasoning now, and, at a certain stage of the 
Id’s knowledge, it might well have l)ceu deemed con- 
livo. A(le(iviato roileotion, however, shows that instead 
jitrodueing light into our minds, this hypotliesis coti- 
irod seiontilieally inei’cascs our darkness. Yog do not 
his case ex])luiu tho unknown in terms of the known, 
ell, as stated above, is tlie metliod of seimice, but you 
lain the unknown in terms of the more unknown. 

to numtally visualize this soul as an entity distinet 
a tho body, and tho dilhoulty immodiatuly appears, 
m tho sidci of seionee all that wo are warranted in stat- 
is that the terror, hope, sensation, and calculation of 
go’s mere, hunt are psyehieal pluuiomena iirodueod by, 
isaooiatod with, tho molooular prooessos set up by waves 
ight in a previously prepared brain. 

When facts present themselves lot us dare to face them, 
let tho man of science equally dare to confess igno- 
16 where it prevails. What then is tho causal couneo- 
, if any, btitwe.tm the objective and subjective — be- 
en moloenlar moUons and states of consoiousnoss ? My 
ver is: I do not see tho oonneotion, nor have I as yet 
anybody who does. It is no explanation to say that 
ohjoctive and subjootivo effects are two sides of one 
tho same phenomenon. Why should the phenomenon 
0 two sides? This is tho very ooro of tho difficulty, 
ire are pletity of molecular motions which do not ex- 
.t this two-sicledncss. Does water think or feel when 
ins into frost-ferns upon a window-pane ? If not, why 
uld tho molecular motion of tho brain be yoked to this 
iteriouB companion — consoiousness ? Wo can form a 
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coherent picture ol the phyettml prH«e»i*B»~-the stirriuj 
of the braiu, the thrilling of Uie nerves, th« distibarging o, 
the muscles, and all tlio mouiuiaicttl motiotii 

of the organism. But wo tm« firmont U> «mr luiiula uc 
picture of the prooesa whorohy inniHcunotucHa cnmrgos, 
either as a necessary link <ir as an jnvitk'nUl hy-jinnluct 
of this series of aotiems. Yi>t it t’orlainly iUh's e!nurgo~ 
the prick of a pin sufRces Uj provu Unit nmUn'ulRr motion 
can produce consoiousineMU 'I’lie roverso {*ruuoss of the 
production of motion Ijy oonaounmiioiw %n mjually Hnpre- 
seutable to the mind. Wo arc lioro, in {«w’t, upon tliu 
boundary line of the intolUsot, wlmrw the cmliiuiry catuntB 
of soienoo fail to extrioaki ua our ddlhujltios. If wo 

are true to these oanona, we must tlony Ui subjoetivo plic' 
nomena aU influence on physical priKU'wi’s. OhscrvHtkm 
proves that they iiitoraot, but in jiawing friuii unn U> t!io 
other, wo meet a blank which tniwhanical lUnluctiuu is un. 
able to fill. Frankly stattid, wo Imvo h«ro to tUml witli 
facts almost as difficult to soisso montally na Uio idea of a 
soul. And if you are ooutent U> make yunr ‘‘aoul" a pin 
etic rendering of a phenomenon which ndmwa tlio yoke uf 
ordinary physical laws, I, for one, would not edijmst to this 
exercise of ideality. Amid all our ajKwulalive uncer- 
tainty, however, there is ono prat^tieai point as oloar as 
the day; namely, that the brighluiMa and tlw ustdulncsa 
of life, as well as its darkness and disaster, dojtcnd to a 

great extent upon our own use or abuse of Utis iniraouloua 
organ. 

Accustomed as I am to harsh language, I am quite 
prepared to hear my “poetio rendering*' branded as a 
falsehood” and a “fib.” The vituperation is unmerited, 
Jor poetry or ideality, and un^dt are assuredly very dif- 
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ferent things. The one may vivify, wliilo the other kills. 
When St. John extends the notion of a soul to “souls 
■washed in tho blood of Christ’’ docs ho “fib’’? Indeed, 
if tho appeal to ideality is conaurahlo, Christ hinisolf ought 
not to have escaped censure. Nor did ho csoapo it. “3 low- 
can this man givo us his Ilcsh to oat?’’ expressed tho soop- 
tical flouting of unpootio natures. Such are still among 
us. Cardinal Manning -would doubtless toll any ProtcS' 
taut wlu) rojocts tho doe.triuo of transubstantiatiou that ho 
“libs’’ away the plain words of his Saviour wbtui ho re- 
duces “tho Body of the Lord” in tho sacrumeut to a mei'o 
figure of spoeoh. 

Though misuse may render it grotesciuo or insincero, 
tho idealissation of ancient concoptions, when douo cun- 
flciously and aboveboard, has, in my opinion, an imjior- 
tarit future. Wo aro not radioally difforout from our 
historio ancestors, and any feeling which aJTeoted them 
profoundly requires only appropriate olotliing to alToiit 
us. The world will not lightly relinquish its heritage of 
pootio feeling, and nietaphysics will ho woloomod when 
it abandons its prctonsions to Hoiontilie discovery and con- 
sents to bo raiiliod as a kiiul of pootry. “A good syiu- 
bol,” says Kmcrson, “is a inissionaiy to persuade thou- 
sands. Tho Vedas, the Bdda, the Koran, aro eooh remem- 
bered by its happiest figure. There is no more woloomo 
gift to men than a now symbol. They assimilate them- 
selves to it, deal with it in all ways, and it will last a 
hundred years. Then oomos a new genius and brings 
another.” Our ideas of God and tho soul aro obviously 
subject to this symbolic mutation. They are not now 
what they wore a century ago. Tlioy will not bo a cent- 
ury hence what they are now. fiuoh ideas constitute a 
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kind of central energy »» huinan mind, capable, like 
tbe energy of Ure physical universe, of assuming variouB 
ehapes and undergoing various tmnafommtions. They 
baffle and elude tlte UuKdogmal mtKslmnio who would carve 
them to dogmatic fonus. They offer themselves freely to 
tho poet who underatamls hm vtH'ation, and whose func- 
tion is, or ought to be, tti find hmal habitation ' for 
thoughts woven into our subjtHitiv© life, but which refuse 
to be meohanioally doflnod. 

We now stand face to fat^ wiiih tlm final problem. 
It is this: Are die brain, and llte moral anti intelltjctual 
prooossoB known to be aaaoidiited with tiie hrain— and, aa 
far as our experieno© gtK», indiasolubly Baaocisted—aub- 
jeot to the laws which wa find paramount in physical nat- 
uro? Is the will of wan, in oilier words, free, or are it 
and nature equally “Imund fast in fate’*? From tlda latter 
oonolusion, after ho hwl established it l« tho entire aatia- 
faction of hia understanding, Uie gp««l Clorman thinker 
Fichte recoiled. You will find tlie record of tins struggle 
between head and heart in his book, entiUod ’’Die Bestim- 
mung dea Mensohen"— The Vtxsatioti of Man,* B’ichto 
was determined at all hamrtla to maintain his freethmi, 
but the prioe he paid for it indioates Urn difficulty of tbe 
task. To escape from tlio iron neeeasity seen averywlicre 
reigning in physical nature, he turned defiantly round 
upon nature and law, and aIBnned ba^ of Uiem to be tlie 
products of his own mind. Ho wm not going to be tlie 
slave of a thing which he had blmself created. There is 
a good deal to be said in favor of this view, but few of 
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Why do some regard this notion of necessity -with, ter- 
ror, ■while others do not fear it at all? Has not Carlyle 
Bomewliere said that a boliof in destiny is the bias of all 
earnest minds? “It is not Nature,” says Pichto, “it is 
Freedom itself, by which tho greatest and most torriblo 
disorders incident to our race are produced, Man is the 
cruoloat enemy of man.” But tho question of moral re- 
sponsibility hero emerges, and it is tho possible loosening 
of this responsibility that so many of us dread. Tho no- 
tion of necessity certainly failed to frighten Bishop Butler. 
He thought it untrue — oven absurd — but ho did not fear 
its practical consequences. Ho showed, on tho contrary, 
in tlie “Analogy,” that as far as human conduct is con- 
cerned, the two theories of free-will and necessity would 
come to tihie same in the end. 

What is meant by free-will ? Does it imply the power 
of producing events without antecedents ? — of starting, 
as it were, upon a creative tour of occurroncos without 
any impulse from within or from without? Lot us con- 
sider tho point. If there ho absolutely or rclativoly no 
reason why a teee should fall, it will not fall; and if there 
be absolutely or relatively no reason why a man should 
act, ho will not act. It is true that tho united voice of 
this assembly could not persuade mo that I have not, at 
this moment, the power to lift my arm if I wished to do 
BO. Within this range the conscious freedom of my will 
cannot be questioned. But what about tlie origin of the 
"wish”? Are we, or are we not, complete masters of 
the oiroumstanoes whioh create our wishes, motives, and 
tendencies to aotion? Adequate reflection wiU, I think, 
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prove that we are not. What, for example, have I had 
to do with the generation and development of that which 
some will consider my total being, and others a most po- 
tent factor of my total being — ^the living, speaking organ- 
ism which now addresses yon? As stated at the begin- 
ning of this discourse, my physical and intellectual textures 
were woven for me, not by me. Processes in the conduct 
or regulation of which I had no share have made me what 
I am. Here, surely, if anywhere, we are as clay in the 
hands of the potter. It is the greatest of delusions to 
suppose that we come into this world as sheets of white 
paper on which the age can write anything it likes, mak- 
ing us good or bad, noble or mean, as the age pleases. 
The age can stunt, promote, or pervert pre-existent ca- 
pacities, but it cannot create them. The worthy Robert 
Owen, who saw in external circumstances the great mold- 
ers of human character, was obliged to supplement his 
doctrine by making the man himself one of the circum- 
stances. It is as fatal as it is cowardly to blink facts be- 
catLse they are not to our taste. How many disorders, 
ghostly and bodily, are transmitted to us by inheritance ? 
In our courts of law, whenever it is a question whether 
a crime has been committed under the influence of insan- 
ity, the best guidance the judge and jury can have is de- 
rived from the parental antecedents of the accused. If 
among these insanity be exhibited in any marked degree, 
the presumption in the prisoner’s favor is enormously en- 
hanced, ~ because the experience of life has taught both 
judge and jury that insanity is frequently transmitted from 
parmt to child. 

I met, some years ago, in a railway carriage the gov- 
ernor of one of our largest prisons. He was evidently an 
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56 rv 9 <iit and reflective manj possessed of wide experi- 
!e gathered in various parts of the world and a thor- 
rh. student of the duties of his vocation. He told me 
t the prisoners in his charge might he divided into 
ee distinct classes. The first class consisted of persons 
0 ought never to have been in prison. External acci- 
it, and not internal taint, had brought them within the 
,sp of the law, .and what had happened to them might 
)pen to most of us. They were essentially men of 
Liid moral stamina, though wearing the prison garb, 
en came the largest class, formed of individuals pos- 
sing no strong bias, moral or immoral, plastic to the 
,oh of circumstances, which could mold them into either 
)d or evil members of society. Thirdly came a class — 
)pily not a largo one — ^whom no kindness could con- 
ate and no discipline tame. They were sent into this 
1‘ld labelled “incorrigible,” wickedness being stamped, 
it were, upon their organizations. It was an unpleas- 
truth, but as a truth it ought to be faced. For such 
ninals the prison over which he ruled was certainly not 
proper place. If confined at all, their prison should 
on a desert island, where the deadly contagion of their 
mple could not taint the moral air. But the sea itself 
was disposed to regard as a cheap and appropriate sub- 
lUte for the island. It seemed to him evident that the 
te would benefit if prisoners of the first class were lib- 
ted; prisoners of the second class educated; and prison- 
of the third class put compendiously under water. 

It is not, however, from the observation of individuals 
it the argument against “free-will,” as commonly under- 
od, derives its principal force. It is, as already hinted, 
.eflnitely strengthened when extended to the race. Most 
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ot you have Iwh'u foretHl to linU'n to the outoriea and de* 
imuriationa which ranj' tliworitaufc thnmgli the land for 
mniio ytmw after the jnil'lteation of Mr. Darwin's “Origin 
of SjHHjiea,'* W«ll, the wi>rhl even the oleriojil world— 
has f{»r the moat part mettle*! down in the belief that Mr, 
Darwiii’n ItiHtk aimply rtdleeta tho truth of nature; that 
we who are «iow “foremoat in the ft leu of tiiuo" haveootae 
to the frtrnt through alttu‘«t ttadleHa atugtm of promotion 
frtnn lower to higher forma of life. 

If to any t*ne of «a wert' given the privilego of looking 
bank through the eojia nenwa whioh life haa crept toward 
its present outr’oine, hia viaion, awortling t<» Darwin, would 
ultiinak'ly ri'aeh a jHiint when the pn>g«'nilor« of thia as* 
aembly oould not \m called human. From that humble 
sooiely, through tho interm-lion of ita mmubera and the 
Btoritig up of their Iwat <jualitit<M, a iH’tter one omorged; 
from thia ugiun a better at'dl; until at length, by the iu< 
tegmtitin of itPiiiUe.tlutala thnmgh agt'H of amelioration, 
we eame to Im what we are t«> day. We of this geiiwa- 
tiou had no conaeitma almre in the pr**duetiou of this grand 
ftnd banefioent result. Any and every generation which 
preoeduti ua hwl just m little ahart'. The favored organ- 
iama whtt«<» garneri'd eseuUenmi oonstitnti'« our present 
•tore owed their mlvanUigeH, first, tt> what w« in our ig- 
BOranue are obliged to call “aeeidentid vnrialitm''} and, 
secondly, to a law of hmtMllty in tho passing of whioh our 
ittfEragoa wore not ocdloottul. With ehuraeteristio felicity 
md preoisioB Mr. Matthew Arnold Ufta this (juuatkm Into 
(h« free tdr of jHMJtry, but not out of tho atmosphore of 
vntit} when he asoribes the process of ametioratnm to “a 
oowftt not ouraclvea which luakea for righUHiusntm" 
dien, our oi^«i*ma, with all tUci*' tondetmica and capaoi* 
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are given to us without our being consulted; and if, 
capable of acting within certain limits in accordance 
our wishes, we are not masters of the circumstances 
irich motives and wishes originate; if, finally, our 
cs and wishes determine our actions — in what sense 
lioso actions be said to be the result of free-will? 

jre, again, wo are confronted with the question of 
responsibility, which, as it has boon much talked 
ioly, it is desirable to moot. With the view of re- 
ig the fear of our falling back into the condition of 
apo and tiger,” so sedulously excited by certain 
s, I propose to grapple with this question in its 
; form, and in the most uncompromising way. “If,” 
;ho robber, the ravishor, or the murderer, “I act be- 
I must act, what right have you to hold mo respon- 
[or my deeds?” The reply is, “The right of society 
eteot itself against aggressive and injurious forces, 
er they be bond or free, forces of nature or forces 
n.” “Then,” retorts the criminal, “you punish me 
hat I cannot help.” “Lot it bo granted,” says so- 
“but had you known that the treadmill or the gal- 
was certainly in store for you, you might have 
d.’ Lot us reason the matter fully and frankly out. 
lay entertain no malice or hatred against you; it is 
h that with a view to our own safety and puriflea- 
ro are determined that you and such as you shall 
ijoy liberty of evil action in our midst. You, who 
behaved as a wild beast, we claim the right to cage 
1 as we should a wild beast. The public safety is a 
: of more importance than the very limited chance 
ur moral renovation, while the knowledge that you 
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have been hangetl by the neofc may funsiah to othen 
alamt to do m you have tioao tlio ptwiae motive which 
will hold them Uaak. It your not Iw «uch ne to luvob 
« minor penalty, then not only othew, but youtnelf, may 
profit by tiio puniahment whiuh w« infiiiit On tho homely 
prinoipltt that*a bunn'd ohild dr«’tid« tho lire,’ it will make 
you thiidc tvvico ladon! venturing on a Iti|Hjtition of yout 
orimo, Olworvts, dually, the ctuiMiwU'imy of onr oondnot, 
You offend, you any, beoaano you eaiinut help offending, 
to the pabbo detriment. Wo punbli, ia «nir roply, beoanse 
wo osnnot help puntHhlng, for tho pulilia gtiod. Praoli* 
cally, then, m litHhop UitUer pri'dieteil, wo act as the 
world ftoUal wluui It kuh|m*«wI tho evil tlceda of it« crim* 
luala to be tho prtnUmtH of fnai-wdl.'* ‘ 

“What,” I have lumrtl it arguml, “in tim ime of preach- 
ing about duty, if a mun'a predeU’rmined po«iiion in the 
moral world rtnnlera him inoapaiiUi of prollting by ad- 
vioeF” Who known that ho » ineapnble? The preaoh- 
or’a hmt word la a fautor in tho nuoi'a tsomluot, and it may 
bo a moat important fa«^>r, unltMjking moral onergios which 
might olUorwiae remain imprisoned ami unuauil If tho 
preaoher thoronghly fm*l Ihal wor.lf! «»f enlightenment, 
oourngo, ami mlmonithtu enter inti> tho Hat of forw-w em- 
ployed by Nature horaolf for man'a amolioratiein, ainoe she 
gifted man with ap«»cili, he will aufTor no paralyaia to fall 
upon hl« tongue. Dung tho flg-troe hojmftiUy, and not 
until ita Vmrromrnas h«a been doinonalratod Iwsyoud a doubt 
let tU© fiontonoe g(» forth, “Out it down, why oumbereth it 
the ground?” 

• An OhnK?U digiiJUu-y nit hhi eiilUmUy, a* “Wucn- 

leal; lofla** I tWak U warUi/ at hi* tlruwV itmver aBWiWemiioo. 
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r remember when a youth in the town of Halifax, some 
-and-thirty years ago, attending a lecture given by a 
.ng man to a small but select audience. The aspect of 
lecturer was earnest and pi’actical, and his voice soon 
)ted attention. He spoke of duty, defining it as a debt 
id, and there was a kindling vigor in his words which 
3t have strengthened the sense of duty in the minds of 
36 who hoard him. Ho speculations I'egarding the free- 
a of the will could alter the fact that the words of that 
.ng man did me good. His name was George Dawson, 
also spoke, if you will allow me to allude to it, of a 
ial subject much discussed at the time — ^the Chartist 
joot of “levelling.” Suppose, he says, two men to be 
,al at night, and that one rises at six, while the other 
ips till nine next morning, what becomes of your level- 
;? And in so speaking he made himself the mouth- 
30 of Nature, which, as we have seen, secures advance, 
by the reduction of all to a common level, but by the 
ouragement and conservation of what is best. 

Et may be urged that, in dealing as above with my 
(Othotlcal criminal, I am assuming a state of things 
ught about by the influence of religions which include 
dogmas of theology and the belief in free-will — a state, 
lely, in which a moral majority control and keep in 
> an immoral minority. The heart of man is deceitful 
ve all things, and desperately wicked. Withdraw, then, 
theologio sanctions, including the belief in free-will, 

. the condition of the race will be typified by the sam- 
i of individual wickedness which have been above ad- 
led. We shall all, that is, become robbers, and rav- 
sw, and murderers. From much that has been written 
late it would seem that this astounding inference finds 
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hcuiw nKMU in many mimb. the people who 

Imltl Btanh vlowa iiuMht l>o able t« ilhwtraUa them by in. 
tlivithutl tuetenoi**. 

Tl» m h^ispmn*®! 

1/itj il« wfwic^li Its 

Hfutiivo the four, aii'l tho wroloh, following hie natural 
iustiuot, n»ay Usooino ili«*orili'rly ; but I refueo to aooept 
him aaaiwmple of hutiianily. "Lnl «« ohI ami ti rink, tor 
to-murrow wo diw” ie by im mi’iitm ibo fUiioal ouuw(|uouo0 
of a rejection of ilugina. To many of y.m the nemo o£ 
Jacob IIrtly«»ak«* i» ibnibtlwss fatinhar, ami you are 
pruhably iiwatti that at no man in Englainl ha« the term 
"ttlhcwt** Iwsn UMm» frmjuetitly pcltoil. There arti, more* 
over, really few who have nmre eompietely UlwmiUjd them- 
»olvt»a from thiwilogio notioria. Attioiig working rlasw poll- 
tiriana Mr. Ilnlyoiike ja a lemler. he eshort ilia 

fallowcra to “Kat atul drink, for to-nmrrow we lUu"? 
Not an. In tlie Awgtml nmnl«'r ul the “ Hitmlcenth Cent* 
ury" yott will find th«» wor«b fnnn hb jam; "The goapol 
of dirt ia bad enongh, but the giwpul u{ mere material 
cmmfort ia mtu»h woiwe.” lie ttcmUimptinnwly cjiIIb the 
Oomtiat championahip of the working man, "the oliain* 
piunahip of the treneher," lie would plaoo "the leanest 
Ubertgr whioh brought with it the dignity and power of 
BoU-holp" higher than "any pn»a|w>ot of a fnll plate with- 
out it" 8aoh t* die moml thmtrino taught hy Hub 
" atheindo" Iwadwi »»d ChriaSian, I apprehend, need 
b« atdmmod of it 

Mont heartily do I rect^niiso and admire the apiritual 
radhiBoe, if I may u*e die term, abed by religion on the 
mindi and Uvm of many peraonally known to mo. At the 
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time I cannot but observe bow signally, as regards 
iroduction of anything beautiful, religion fails in other 
. Its professor and defender is sometimes at bottom 
iwlor and a olown. These diffiorenoes depend upon 
xry distinctions of character which religion does not 
VO. It may comfort some to know that there are 
ig us many whom the gladiators of the pulpit would 
“atheists” and “materialists,” whose lives, neverthe- 
as tested by any accsossiblo standard of morality, would 
ust more than favorably with the lives of those who 
to stump them with this offensive brand. When I 
‘offensive,” I refer simply to the intention of those 
use such terms, and not because atheism or material' 
when compared with many of the notions ventilated 
e columns of religious nowapapors, has any particular 
siveneaa for me. If I wished to find men who are 
•uloua in their adherence to engagements, whose words 
heir bond, and to whom moral shiftiness of any kind 
bjeotively unknown; if I wanted a loving father, a 
:ul husband, an honorable neighbor, and a just oiti- 
'I sliould seek him, and find him among the band of 
hats” to which I refer. I have known some of the 
pronounced among them not only in life, but in 
I — soon them approaching with open eyes the inex* 
e goal, with no dread of a “hangman’s whip,” with 
lOpe of a heavenly crown, and still as mindful of 
duties, and as faithful in the discharge of them, 

! their eternal future depended upon their latest 

3 . 

i letters addressed to myself, and in utterances ad- 
ed to the public, Faraday is often referred to as a 

le of the association of religious faith with moral ele- 
Boibnob — . — 1*1 


or BciAwcK 

Y^iiotu I wiia IcHmliy iniJinmlif wilh him for fourld^ or 
flfk*eti yoiiw of inj lifot aioI hiul ihun iR^noiiou to observe 
lu»w mmiiy hm ohiiriit’tor iijtjjroiirluMl mhiii mighty without 
oxinivEgiitioa^ \m cmlkHl vim Mtroiag but 

goiitla, imjmtuoufi htsi mlf mstiminoil ; u and lofty 

oourk*ay imirk«Hl hm tloiiltnga with tmni i*ml woman; and 

ilituigh ho ngnoig from tho hotly of tha jitnijda, a nature 
ao ihid iiitglii Widl hiiVf^ hoon ilniiilhnl fmm itm flower of 
antnatHkini ahitalry. t»iily in il^ hr«uidor aiman wai 

ilia Chrialiiin rahgion m^cvmuty k* Kunnliiy'a spiritual 
iwaotii bni in whai many would oidl ilu^ mirrtm* mmm held 
by %him% clnm^rilwil by FnriHliiy himmdf im ’*a vary mall 
aiul itaHpiml of Cdirmitaniis kiiow'ik d Limwn at all, 
m BanUaiimniiitt^/* it aotwiiiuUHl ilia light asul mimfort of 
\m daji» 

Wnra our ax|H!riima<i cmiiiinud to mwh vm%m, it would 
furnish lui irraniHtihla arguiiiiuit in favor of tfio nummiatldn 
of iiogmiitia ri-digmn with niond purity ninl griuun But, aa 
already intiumkHb our «?apartriiao m not thui4 ronlhmd* In 
further ilUiBtratnin of lhu4 pouii, wo umy aompara wiih 
Faraday a phihmiptiiir of enuitl nmgialmia, wdiona ahar* 
aotofi maludin^ gtndetr^ and atrungih, nuidor and aim'* 
plidity, inUdlmUual jaiwnr and moral elevation, auigularly 
reaumbleH ilnd of ihti great Haniltmmnifiti, but who has 
EeiUier ikwed tlie ilieologia viowa nor the religunni emo- 
tioEi whieh formed no dominant a favUir in Karadiiy*a life. 
I allude to Mr* Clntrlea llarwui, the Ahriihiim of aminitillo 
aeandier ita oliedient Ui the etuiuuaml of truth as 
was patriareh to the eiinimamt of Clod. I eaniiot tlitire* 
f orej M #0 many desire, kwk lijmu Faraday *a rtdigioua be* 
«■ Sf/iuren of i|niiliiiea almred so eouMpio* 

oously by om unintluenemi by dmt belmt To a deeper 



lie belonging to Imman nature in its purer forms I am 
oflod to refer the excellence of both. 

JuperBtition may be defined as constructive religion 
ih has grown incongruous with intelligence. "We may 
it, with Fiehto, “that superstition has unquestionably 
itrainod its subjects to abandon many pernicious prao- 
i and to adopt many useful ones”; the real loss accom- 
S^ing its decay at the present day has been thus clearly 
id by the same philo.sophor: “In so far as those lamon- 
>118 do not proceed from the priests themselves — whose 
r at tlio loss of thoir dominion over the Iminan mind 
can well understand-— -but from the politicians, the 
lo matter resolves itself into this, that government has 
eby become more difficult and expensive. The judge 
spared the exercise of his own sagacity and ponotra- 
when, by threats of relentless damnation, he could 
pel the aooused to make confession. The evil spirit 
lerly performed without reward services for which in. 
* times judges and policemen have to be paid.” 

man ever felt the need of a high and ennobling 
;i<)n more thoroughly than this powerful and fervid 
her, who, by the way, did not escape the brand of 
leist.” But Fichte asserted emphatioally the psower 
suffloionoy of morality in its own sphere. "Let us 
lider," he says, “the highest which mau can possess 
!he absence of religion — I mean pure moralify. The 
al man obeys the law of duly in his breast absolutely, 
luse it is a law unto him; and he does whatever re- 
J 3 itself to him as his duly simply because it is duty, 
not the impudent assertion be repeated that such an 
lienee, without regard for consequences, and without 
re for consequences, is in itself impossible and op- 
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pomd it) Imrtmn imiun^** So fmi«*h ft»r Firht^. Faraday 
WUH otjuitlly tVmtiru'i. hiivt’ no inUnilion,** he aayHj “of 
HulmUtuiiug luiyihinK U*r rrli^^iou, hut I winU to tiiko that 
part of human nature wliirh tn iittieptunteni of it. Moral* 
ity, philoacjphji n»mimuvi% the variuiiH uiMtitutiona and 
hahita of HtHnutyj are intlepeintent ttf rsdti.nou ami may ex* 
ini witlunit it,*’ Theae Wf*rt' the wtinln of hia ytnUln but 
ilu^y exprniiaiHl hia lutei^t enavirtnum. I wmiltl add that 
the mu»a of Tonnyi4«in twxor rmehml a higher Htraiu tliau 
when it mnhuditHl the mmiaiHUit of tluty ui J«hu)no: 


Aa4, HnUl In n» lt4Um right 

Wi«r«* wlmlmii lit tli0 ifr«»ru ef 

Not in lh» way iu!»u!n»(i by tmr loiu’hora lias 

tlie momlity of hunmn niituro luum Imili uji. Tlu) jiower 
whioli hiiM molilt'ti UH Uui» far him worktnl with Htnrn tools 
upon a vory rip;i>l Hlutf, What it lm« liono unnnot ho so 
readily uiuhnio; and it him eiulowwl iw with moral conati- 
tutionH whieh take plotumre in the nohle, the hoautiful, 
and the true, juat n» Burely an it has midowinl u« witli 
sontiont organiams, whieh ilml nluea huter and sugar 
Bwoet. 

That power did not work with dolusiona, nor will it 
stay ita hand when such are removeil. Fat'ts, rather than 
dogmaa, have iHson ita niinialom -hunger and thirst, heat 
and cold, pleoaure and pain, fervor, ayutpathy, aapiration, 
shame, pride, love, hate, terror, awo--«uoh wore tlio furees 
whoso intoraetion and adjuatmeui throughout an inimeas- 
turable past wove the trijiles web of man ‘a physieal, in* 
teHeotoal, and moral nature, and suoh are the fortsM that 
will he effectual to the ond. 

You may retort that even on my own showing "the 
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?ver wliich makos for righteousness” has dealt in delu- 
ns; for it cannot bo domed that the beliefs of religion, 
luding tlio dognuia of theology and the freedom of the 
1, have had soino effect in molding the moral world. 
anto<l; but I do not tliink that this goes to the root of 
) matter. Aro you quite sure that those beliefs and 
GfinaH nr(i primary, and not derived? — that they are not 
) products, iuHtoad of being tho creators, of man’s moral 
Liirci? I tiiiidc it is in one of the Latter-Day Pamphlets 
d, (Jnrlylo c-orroc-ts a reasonor, who deduced the nobility 
man frotn a belief in heaven, by telling him that he 
ts tho cart before the horse, tho real truth being that 
5 boliesf in hoavon is derived from the nobility of man. 
iO i)ird'B instinct to weave its nest is referred to by 
acu'Hori as typical of the force which built cathedrals, 
nples, and pyramids: 

KiiowoHt Ulou what wove yon woodbird’s nest 
Of louviiH and foaOiorB from Jior breast, 

Or how the fish outbuilt its aliell, 

Painting with mom each annua! cell? 

Bnoh and so grew Uieso holy piles 
Whiio lovo and torror laid Uie tiles; 

EarUi proudly wears tlie Parthenon 
As the beat gem upon her ssone; 

And Morning opes with haste her lids 
To gas© upon the Pyramids; 

0*@r Bnghmd*s abbeys bonds the sky 
As on Its friends with kindred eye; 

For out of Thought’s interior sphere 
These wonders rose to upper air, 

And nature gladly gave them place, 

Adopted them into her race, 

And granted them an equal date 
With Andos and with Ararat 
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Surely, many utU'raiuum whi<*h luivii hficn acrepUHl as de- 
BcriptionH ought Ut be inU'rjtn'Uni ns uMjurutiouH, or as hav- 
ing tluhr roots in aHjnriiUoii insl<-in! of in ol.jci tivo knowl- 
octgo. I)o«H th« Hotig of tluj honiM ungols, "(Jlury U) God 
in the highest, and on cartli jirafi*. gooilwill toward mon," 
express the oxaltution and ihn yeanung of a human soul? 
or does it dosurihu an optioal and ai’onsliual fin’t a visible 
host and an audildo songV If the foniu'r, the oxaltaliori; 
and tho yearning are man's imperishahlu possesHion a fer- 
ment long eonlined to individuals, hut wliifh may liy and 
by l)6ooina tho loaven of tin* rare. If tht< latter, tluni bo- 
litif in tho entire transaetioti is wreeked by mm fulfilment. 
Look to tho Kast at the present moment as a eomnienl on 
tho proiniso of peaee on earth ami goodwill toward men. 
That promiao is a dream mined liy the expenenee of eigh- 
teen eenturies, and in that ruin is involved the elaim of 
the “heavenly host” to proplu'tie vision. Uni though the 
tneohatiieal theory proves untenable, the immortal song and 
tho feelings it expresstm are still ours, bt be ineorporatod, 
let us hope, in purer and less shmlowy forms in the jio- 
etry, philoaophy, and praotieo of the future. 

Thus, following the lead of physieal seienee, we are 
brought witlmut solution <if eontiuuity into the presenoo 
of probloms which, as usually elassifled, lie entirely out- 
side the domain of physics. To these problems thoughtful 
and ponetmtivo minds are now apjdying those methods of 
roHoaroh which in physical science have proved their truth 
by their fruits, There is on all hands a growing repug- 
nance to invoke tho sujiernalural in aeronnling for the 
phenomena of human life; and the thonghlful minds just 
referred to, finding no trace of evidenee in favor of any 
otiier origin, are driven to seek in the interaction of social 
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m tlui gcuu'HiH anti (I<'Vidi>iniHnit of inan’B moral nature, 
\\ry in Uunr Ht^uro.ln-» and I think tluiy arc sure 

in*(MMnl Bot'ial duty wilt \n) niinud to a lii^lior level of 
ilioannu. ant! tlu^ tlt*t‘jnuiin^ Htui.sti of Hot'ial duty will, it 
;> ht^ liopntl, lt*HB(‘n^ if not ol)lit('ratt‘, t!n^ Htrifen and 
'tlmrninf^H wliioh now In'Hot and diHfignre our Hotual 
d\)ward thin gri‘ut end it heliooveH uh one and all 
nn-k; and dtn-outly winking itn oonHUirunation, I have 
honor, ludioH arid gcnthuiKm, to bid you a frioudly 
well 
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T his worlil «f uutx him, till till' wiiiilo, liiuni an in- 
fli'imuit rygitiii fur tiu' gniwth «<f tmiurul truth; 
but it limy thnt the {ibml ih all tin' burtlit'r for 
the Imndtnga Mul Imiretinga it him 'I’lio tor- 

turing of a ahrub, willuti corlain hniita, alrougUniUR it. 
Tliruugh tho Hlruggltm am! piMmionH of ibo bnito, man 
reaohoa hia eatato; tlirmigb anvngory nml barbarism his 
oiviliwition; ami through iilu.tiou »ml |ntrsi'mition his 
kiiowlfilgo of naturi', iiifluthiig that of his own frame. 
Tho bias towuril ualura! truth must havo boon strong to 
havo withstood ami ovoroomo iho ojijiosing furocs. Fool- 
ing apjuuirod in lUo world bofuro Knowb'dgo; and tlunights, 
ooncoptiona, and oreods, foumloil on I'uioiinit, bad, boforo 
the dawn of aoienoo, taken rtait in man. Such thoughts, 
ooncoptiona, and cmtala must have met a deep ami general 
want; otherwiso their growth could not bavi* hcen so lux- 
uriant, nor their abiding power ho strong. This general 
need — 'this hunger for the ideal and wonderful - led event- 
ually to the differentiation of a caste, who»e vocation it 
wan to cultivate the mystery of life and its Hurruundings, 
and to give ahape, name, and hnhitatimi to the emotions 
whloh that mystery arouHod. Kven tho savage lived, not 
by bread aloue, but in a mental world peopled witli forms 
answering to his oapaoitiite and needs. As time advanced 
( 892 ) 
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Other wordH, as tlio savage oponod out into civilized 
—those forms wore pnriliod and ennobled until they 
ily omorgod in the mytliology and art of Greece: 

Whnr() Htill tho rniigic roiio of PooHy 
Wound ilHolf lovingly around tho Truth.* 

\h })ootH, the pricHthocxl would have boon justified, 
r dentioH, ooloHtial and otiicrwiao, witli all their retinue 
iipjtliaiu'.oH, being more or less logitiinato symbols and 
onilieationH of the aspeets of nature and tho phases of 
human soul. Tho priests, however, or those among 
ii who wore mechanics, and not poets, claimed objoc- 
vulidity for their ooneoptions, and tried to base upon 
rnal eviiloneo that which sprang from tho innermost 
I and nature of man. It is against this objective ron- 
ug of the emotions— this thrusting into tho region of 
and positive knowledge of conceptions essentially 
1 and j)ontic — that scionco, consciously or uncon- 
usly, wages war. lieligious feeling is as much a ver- 
iH any other part of human consciousness; and against 
n ila Hubjcictivo side, the waves of science boat in vain, 
when, matdpulatod by tho constructive imagination, 
3(1 witli imperfect or inaccurate historic data, and 
led Ity misapplied logic, this feeling makes claims 
>h traverse our knowledge of nature, science, as in 
■ hound, stands as a hostile power in its path. It is 
ust tho niythologic scenery, if I may use the term, 
er than against tho life and substance of religion, that 
nco enters her protest. Sooner or later among think- 
pooplo, that Bcoinmy will bo taken for what it is worth 

* dor DIchlung zauberischo llftllo 

8lch uocU HebllcU um die Wabrhoil: wand.’^— ^Sc/it7/<5r. 
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um 

— mw an (effort «m thi^ jmrt u( tnrin l4i l»riiig tha myateryof 
lifn and naluri^ wilhin thi^ ranut^ of lii^ c^ispiicitic^a; m a 
Unupumry mnl cwi'^niially lluxiinial nnnIrTing in terms 
cif ktinwlialgn €if that whirh triuiw’iniib nli kuttwletlgcj^ and 
admits cuily of nlmd iipprtiaidi. 

Th«' mgm nf ihv liiuf#*, I ilnnk» in thia clm^etion, 

It \h, ft»r thn uliviuna nini of Mr. Mntthr^w Arnold 

t<i |irnUH’t, lUiiiil tho wrwk «»f dognm, iUo hiima of 

roligun\. Atui it m t4i \m rt^uunnUrrinl tlint iiuiltT the dr- 
iuunatiineoa pimiry ttmy Iw the truiln In 

othfif influentiid quarU^rH ii i^itmlar spirit in nt work. In a 
ramarkablo artirlo ptiMinbad l»y Prufri4i4Mr Knight of St 
AiulrowH in tlu^ Srpimthar nuinhrr nf the ** Kineieonth 
Gantury/’ mnul nihar frw nlimmona, wr hnvo tltia one: 

ii|f 

Matter m nut aternidj itn fiwi «»ijtrrgoner^ ititij lunng 
m a minudo baahio whirh all c»i!t«^n« tlwindh^ into fdjaaluta 
iimiguinruurr. !hit, irii hiii4 %4u^u Innm |Hnuieil tmt, the 
praeew in unUuiikiddt’; thi^ nuildan iiptHndypHo of a ma* 
ti^rial worhi cnit of Idiuik iiononlity riiuin»t hv iinagiriad;‘ 
itH omergarion Into tsnlor <nu of rhnoi^ when ‘without form 
and void* Cl! Uftq h mertl^ n, jmriir rrmitrin^j of ihr ilovirim 
of iM Mhm mmlutmfK^' Thtw are all bold worda t<j he 
apokcoi boft»ro tin* nnjnd pliilewophy of a Sookh 

nnivaraity, whilei tlumo T have nuiltirlinin} nhow^ a remark* 
able freadorn ot tUmUng with the mivunl te^t. They re- 
peat in Umor language what I venittred to utter four years 
ago regarding the Boiik of {lemwa. ** rridotindly inter* 
mting and indotid pathetie to me are ihmv nttempi^s of the 
opening mind of man to appisaao iu htingm* for a CauH6, 

* Ettlghl wtn hAm la wim Ihw E«^ll«h Ht»rvic^ 

one <3^ whoM biflat ihm% **0 tted, wb« by tliy wlghiy |H»wir 

mad® all tbJnp el 
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tHe Book of Oonesifl lias no voice in scientific ques- 
3 . li is a poan, not a anenlifin treatise. In the former 
ct it is forever lioautiful; in the latter it has been, 
it will (uniLinuo tt) bo, purely obstructive and hurt- 
’ My agro(uiiont with Brofessor Knight extends still 
lor. “Does the vital,” he asks, “proceed by a still 
»tor (lovelojiment from the non-vital? Or was it cre- 
by a Hat of volition? Or” — and hero ho emphasizes 
(piestion — ''has it aiioai/H existed in some form or other 
u eternal eonslilimU of the imiverse? I do not see,” 
■oplioH, “how wo can esoape from the last alternative.” 
h the whole force of iny conviction I say. Nor do 1, 
igU our modes of regarding the “eternal constituent” 
not bo the same. 

iVhen matter was defined by Descartes, ho deliberately 
udod the idea of force or motion from its attributes 
from his definition. Mcatension only was taken into 
unt. And, inasmuch as the impotence of matter to 
irate motion was assumed, its observed motions were 
rrod to an external cause. Glod, resident outside of 
;er, gave the inipulso. In this connection the argu- 
t in Young’s "Night Thoughts” will occur to most 
era: 

Wlio Hodon toreigpd to the emidleet grata 
Bliot through VMt maeaoa of enorraouB weight? 

Who hid brute Matter’s restive lump assume 
Booh various forms, and gave It wings to flyt 

inst tliis notion of Descartes the great deist John To- 
, whoso ashes lie unmarked in Putney Churchyard, 
iuously contended. He affirmed motion to be an in- 
nt attribute of matter~that no portion of matter was 
est, and that even the most quiescent solids were ani- 
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mated by a motion of their ultimaUs {lartiehw. The sue. 
coaa of Ilia contenlitm, iieroniinK t<i the leiirmnl und labor!. 
ouM Dr. lU'rthcdd,' entiilea Toliind t<i he regarded m the 
founder of that mnnixlit' {hn'lnne whieh ia now t«j rapidly 
spreading. 

It aeeniia to jne ihal the idea of vtlality enlertiuned in. 
our day by {’rofesHt»r Knight ehmely reaeuddea the idea 
of iiuition entertained l>y hin i>}i|Kinentrt in Toland's day. 
Motion WR« then virtually a»»eru*d to he a thing mi gen- 
em, distinet frtun matter, and iueapahle of being gen6^ 
afeed out of matter, ilenee the ohviouH infereiiee when 
matter wan olmerved to move. It was the vehiele of an 
energy not it« own tlie r«'jii«iti>ry t»f ftireea iuipreaaed 
ou it from without the purely paaBive riHupient of the 
shook of the Divine. The logieal form eunimmw, but 
the Buhjeot-matter ia ohangwl. *'Tite evtdution of nat- 
ure," Hay« Drofeaanr Knight, "may h fact; a daily 
and hourly a|Kxmlypm». Hut we have no evidence of the 
non-vital paiwmg inU> Uie vital. Hj*ontane<nia generation 
is, aa yet, an imaginative ffwm, unverided hy aoienUflo 
teate. And matter is not itself alive. Vitality, whether 
s«ten in a single oell of protoplaam or in the human bmin, 
ia a thing ««» ywirna, iliatinet frem tnatmr, anti incapable 
of being gtmemhMl out of matter." It may t»e, however, 
that, in prooess of time, vitality will folhsw the oxiunjile 
of motion, and, after tho netnwary anUjcedetit wrangling, 
take it« place among tlia atlrilmUm t«f that "univeraal 
mother" who ha« boon «o often miwleflniKl. 

That "matter i« not itaelf alive" Hrefeaaor Knight 
i^ins to r^wrd aa an axiomade truth, l#et ua plane in 

* “J«Ab Xokad »ad der MostnoaM iter (itegMWMrt, ** fliddidtMHW, Owl Wlatw. 
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utrast with this the notion entertained by the philos- 
lior Xreherweg, one of tlio subtlest heads that Q-emany 
H prod need. “What occurs in the brain," says Oeber- 
g, “would, in my opinion, not bo possible, if the proc- 
i whie.li hero a])pcarH in its greatest concentration did 
b obtain gcuendly, only in a vastly diminished degree, 
ko a jniir of mice and a cask of flour. By copious 
urishmont tlio animals increase and multiply, and in the 
no })r(n>orl,ion sonsations and feelings augment. The 
intity of thoHo latter possossod by the first pair is not 
iply dilTusod among tlieir descondants, for in that case 
last must fool more feebly than the first. Tho sensa- 
:iH and feelings must necoasarily bo referred baok to 
Hour, where they exist, woak and pale it is true, and 
i coneentrated as they aro in tho brain."* "Wo may 
, bo able to taste or smell alcohol in a tub of fermented 
irries, but by ilistillaticm we obtain from them ooncen- 
ted Kirschwosser. Hence tTeberwog’s comparison of 
brain to a still, which concentrates the sensation and 
ling, pre-existing, but diluted in the food. 

“Doflnitiona," says Mr. Ilolyoake,’ “grow as the hon- 
i of experience expands. They aro not inventions, but 
oriptions of the state of a question. No man sees all 
ough a disoovory at onoe.” Thus Descartes’s notion 
matter, and his explanation of motion, would be put 
lo as trivial by a physiologist or a orystallographer of 
present day. They are not descriptions of the state 
the question. And yet a desire sometimes shows itself 
distinguished quarters to bind us down to conceptions 

letter to Leng®: "QMohlclilo dos MatoriidlBmus," aweite Aufl., vol. U. 

n. 

“Nineteenth Century *’ September, 1818. 
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whioh pwaml in tlit' infnnry of kfu^wlncjge, but 

whieli an* wlu4ly nii’«nujmiil4«^ witli <nir prrmnit anlighteU’. 
niont. Mr. MartuumUi I tiiink, <*rr« wlunt Im mmki to 
huld TOO U'i vinwa mnuumiUni 1 *y ’‘Urmurnivm and the 
matluinmtiaiana/* That tli^dniiiuiiM ahutiUi rhiinga as 
knowhnlgi! adviiia‘i^f4 m m iitn*i*rihuu*a hutU with f4ound 
mniHo anti HcunUilu* prartira. Whim, hn* «^^aui|di% Uve 
uiululntfiry theory wita atarkHl, it wiiii intt iiunginiHi that 
iUn vilmtiiona td light rouhi In't iriinin'er34ii u% the diroo- 
tioii nf praptgatioin The ritiifiijdr «tf 5tHuiid w*iw nt hand, 
whbh ww a owe of hnigilinhinil viliraiiMn. Ntiw di© 
aubiUUition of trawvtnw for haigiitiduiid vil»rittuiua iu 
the cuw id light invidvod a radioal idiiuigo t4 tnniot^ption 
m tu the jnoi'lmsutml pruperlioft uf the Inimnifonma mo- 
dium. But du:mgh iliia ohango w«uii ao far m to till apaaa 
with a aulmtanoPi jio#a«»aiug the |tr«»jti'’rtiri4 of a aalid, 
raihur ihuu tlumii «»f n ^nn, iht* ehango \%‘m aooopUid, ho- 
oau«a Uio newly dtacuvrrrd iin|w^riatvidj tlanmndad 

it. Following Mr. Marimoan‘ii examjdi\ tin* opjHinoiii of 
the undulatory Ihtiory inighl ofleriimlly twjt the Indcler 
of it on kb okatigo of front. ^'Thm rilow id your^/* ho 
might aayi ‘bllo» lli alylo witli every i’luoigo «4 m^rvic©. 
Starting aw a beggar, with woan^o a rag of ‘jintporty' to 
oovor itw honow, it turnw up aw a prinne wlion largo undon 
takingw art wantmL You had wimui wln^w tif n*won whan, 
with the OM 0 of wound before you, you aawunuHl yum ether 
to be a gaw in the but extremity of aiteriimiton. Hut now 
that new worvieo iw nsiulered nmmmury by new farlw, you 
drop tlm l>t^ggar*w riigw> ami aoeompliwli an undertaking, 
great and princely cmntgh in all cifimriimee; fi»r it im- 
pllM that not only pkimt* of cnnrsiumw weight, Inti comets 
with hardly any weight at all* fly through your hy|mtlmt* 



JPR0FES80B l^mOHOW AND EVOLUTION 899 

Bolid without porcoptiblo loss of motion.” This would 
id vory cogent, but it would be very vain. Equally 
, in my opinion, is Mr. Marfcinoau’s contention that 
lire Tiot justified in modifying, in accordance with ad- 
sing knowlodgo, our notions of matter. 
loCoro parting from Professor Knight, let me commend 
courago as well as his insight. We have heard much 
ito of tho peril to morality involved in the decay of 
;iouH boliof. Wliat Mr. Knight says under this head 
rorthy of all respoot and attention. “I admit,” he 
isH, “that wore it proved that the moral faculty was 
vod us well as dovolopod, its present decisions would 
bo invalidated. Tho child of experience has a father 
so teachings are grave, peremptory, and august; and 
arthborn rule may bo as stringent as any derived from 
ostial source. It does not ovon follow that a belief in 
material origin of spiritual existence, accompanied by 
rrospomling decay of belief in immortality, must nec- 
•ily load to a relaxation of tho moral fibre of the race. 

I certain tliat it has often done so.' But it is equally 
tin that thoro have been individuals, and great histor- 
oommunitioH, in whicli tho absence of the latter belief 
neither weakened moral earnestness nor prevented de- 
)nal fervor." I have elsewhere stated that some of 
best men of my acquaintance — ^men lofty in thought 
beneficent in act — ^belong to a class who assiduously 
the belief referred to alone. They derive from it 
ler stimulus nor inspiration, while — I say it with re- 
—were I in quest of persons who, in regard to the 


[h this roftlly certainT Instead of standing fa the relation of cause and 
, may not the “decay” and “relaxation” bo merely coexistent, both, per- 
flowing from common historic antecedents?' 
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ilmv inulowiiuniU u{ Intiniin iiro u> ranked 

with tlu' mM'nih>wtHl, 1 fuul t'hararteriatio 

iimung thn nuif^it^r uf th«.^ orlluHlux be- 

Ht^L TbiWi Unwiwf'r* urn hut ‘iuunl tm both 

aidoa; i\m witlor diiU% rt^fnrnul u% hy thMfnniiur Knight non* 
»UtuU% t!u'rnf<^rt% a wolt'tunn rnrr«*hMri4ltMn uf my oxjmri- 
mu^n, A|.uuu» my uxnntlrtii Pmfrfmur llhu'kio, de- 

mTihoH Hmldha nn hiung *‘ii grnai ilmil inurn than a 
pnipimt; li rnri\ nxm^ptiiumh lUnl altugrthnr tnumoondan* 
tal im^arimUiHi ot moml |mrfnrttuii/* * Ami ynt, ‘‘what 
BmltUrn primcdunl wim n of pun^ human cithic«| 

divoroad nut only ff*uu Hndima am! ih«^ Brahtninio Trim 
ity> htit nvim fnuu ilm uxiaUutt'n »»f Ciml/* * Thwi eivih 
mni nml gulliint vun^na Crnm Kurih inmlraai jdnaaantly 
with thii Imrbaimua whuupa whitdi luunnimu^a aumn U> us 
along thn aiunn $imridmiu 

IjtHiking harkwnrd fn»m iny promUit atiuidpoint tiviir the 
oanmat panh a hnyhund f«nn! td piny and phy^^iuitl imiicm, 
but uvnran to arlnud w*»rk, lu%*i hidt^r** iim, ddm avrraion 
did not firiao from int«dliH’lnal apathy «»r want of apjadito 
for knowlmign, but aimply from tlm fiu'i that my uiirliiwt 
Uuudmra brnkinl Urn powur of impiirting vitahiy to what 
limy Uuight, Athwart all play iimt nmuamiirut, liowovefi 
a thread <d aeriou^ntw ran througli my cdmrat’inr; and 
many a pleepleaa night of my rluhllM»od Ima hmn* pfimid, 
frotUnl by Urn tjm.wtion “Wlm madn (}od?“ I waa wall 
yamod in Heripturo; for I lovini thn Ihbhs and waa 
prompted by that love to eommit Inrgn porliona of it to 
memory. on I bauaino adroit in turning my Beriph 


' **ir&tufal Elitefy df m, 


^ ihui, p. m. 
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1 knowledge agaiimt tlio Cliurch of Eomo, but the char- 
jriatio doetriiiuB of that Cliuroh marked only for a time 
limits of inquiry. The eternal Sonahip of Christ, for 
,mple, as omineiatod in the Athanasian Orood, perplexed 
The reHurrootion of the body was also a thorn in my 
id, and hero I romomber that a passage in Blair’s 
rave” gave mo momontary rest 

Buro tho «amo power 

TLat renrM Uio puuHi at firnt and took it down 
Can roHHHi’nildo tho Immo* noattorM parts 
And pnt Uunn m they wore. 


a oonolusion soomod for the moment entirely fair, but 
h further thought my difhoulties came back to mo. I 
I floou Clows and slicop browsing upon churchyard grass, 
ioh sprang from tho decaying mould of dead men. The 
h of Uiese animals was undoubtedly a modifloation of 
nan flesh, and the persons who fed upon them were as 
loubtedly, in part, a more remote modidoation of the 
10 Buhstanoo. 1 figured tho self-same molecules as be- 
ging first to one body and afterward to a different one, 

1 I asked myself how two bodies so related could pos- 
ly arrange their claims at the day of resurreotioru The 
ttered parts of each were tq be reassembled and set as 
y wore. But if handed over to the one, how could 
y possibly enter into the composition of the other? 
mipotonoo itself, I concluded, could not reconcile the 
tradiction. Thus the plank which Blair’s meohanioal 
ory of the roaurrection brought momentarily into sight, 
uppe^d, and I was again oast abroad on the waste 
an of speculation. 

At the same time I could by no means get rid of the 
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tdaa thiit tha <4 tuilttra mul ilia atjumnouanaai of 

rrmii iinpHad ilia opariiiiun of fi powar iilu»gatliar beyond 
niy griwp—nm tniorgy ilia Uiooglii of wliirU the tarn- 

jmraUira of %\m iniiuU iUougU xi ndm^n! to neeept ^Impo, 
pomonal or otherwiH<\ fnaii iht^ tnUdbu^i. ParluipH the able 
eritinn (4 Uh^ ‘‘Haturilny Itt'Viaw** lire JuntilUnl in npeaking 
UH they HoiuetuueH tlo of Mr. (htrlyle. Tliry owe him noth- 
ingi and have a right to uimouiiee iUi^ fuel in their own 
way. I, however, owe him ii great deid, nml am alao in 
honor bouncl to aeknowUnlge the debt. Few, perhajm, 
wbo am privileged eome into eimniei with that illuB* 
tricnw man have abown him u sturdier front tloui I have, 
or iu dinenaaing mmiern neiinHie have murt? friujumitly 
withakHHl him. Bui I rould mm i!mt Idn euukuition at 
bottom always ww that Urn human so«l him ekima and 
yearnings whieh physitml wdetiee eaiiiiot auiif4fy* BIngland 
k> eome will imHuredly thunk him for lus lUllrmutum t4 tho 
etliuml and ideal niile <4 hmaun natures Be this m it 
may, at the periotl now nmehetl in my story the finding 
rc4emHl to wan intlellniudy strengthetieib my whole life 
being at Um aaine time rendered more eurni'Ht, rtwduto, 
and kborkmi by the writings t4 Chirlyltn Others abt> 
minkk'retl U> this result. Kiaemon kimlled me, whilo 
Fielite piiwerfully aUrred my moral puke.* In ihk re* 
larion I eart^ little for ptditieal tbeones f»r phibmophio 
ayak^ma, but a gnmt deal for the propagated life and 
akrtmgth (4 pure and powerful mimk. In my laU^r mdund 
dayij under a elevtir ieatdmr, luune kntiwledgy of maihn* 


^ win and iu Um H^vi^nruwiih r^-mm t4 cm 

tha af a nwijik ut |mw«r af tbk 

philoiiophfirt 
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Iiutl phyHicH lind Ijocii ])ii!kod up: my etook of 
wuH, howtsvor, Hoanty, and I resolved to augment 
ut it was really with tlio view of learning wlietlier 
tiiati<!H and pliysies could help mo in otlior apliores, 
than with tlio doHiro of acquiring distitictiou in 
science, that I ventured, in i848, to break tlie 
uity of my life, and devote the meagre funds then 
disposal to the study of science in Germany, 
t Hcionco soon hiscinated mo on its own account, 
rry it duly and honestly out, moral qualities wore 
mtly invoked. Thens was Jio room allowed for in- 
ty— no room oven for carelessness. The edifice of 
) had boon raised by men, who had unswervingly 
3d the truth as it is in nature; and in doing so 
den sacrilloed interests which are usually potent in 
orld. 

long those rationalistic men of Germany I found 
mtiousncsH in work as much insisted on as it could 
long tlioulogians. And why, since they had not 
Yards or penalties of tlie theologian to offer to their 
m'l Beeause tliey assumed, and were justified in 
ng, that those whom they addressed had that within 
Yhieh would respond to their appeal. If Germany 
ever change for something less noble the simple 
,noHH ami fidelity to duty, which in those days char- 
ed her teachers, and through them her sons gener- 
t will not he hooauso of rationalism. Such a de- 
Germany might coexist with the most rampant 
lism without their standing to each other in the 
1 of cause and effect. 

first really laborious investigation, conducted jointly 
ly friend Professor Knoblauch, landed me in a re- 




Fft.UlMKXTH or SCm.WE 


ginn which }mnnt»n}»!il with my .'<|n*«Milative taHUsii. Itwaa 
«n inquiry in mtilncnlnr j>ln'Hif«, hiiving M(e^ 
tiiuni to tho ouritiUH, an«l tlum |H'r|iU!xing, pimmnnena ox* 
hibiUttl by eryaUik whim frtmly i«uM|K-uilf»l iti tho magnetio 
finhl. I hero Uvi’il aiuiif tho witfil <iiimj>li*x iqwratbna of 
Tnagi»'tinm in iti iiHjKHit of an attrimtivo anil a w* 

puHcnt foroo. In>n was HttrnoUHl by a miigtmt, bismuth 
WiiH rujMjUetl, ami tlio oryst4»!s tijn't-nUHl oji rangod them* 
aolvw Qmlor thtiso two himils, Faruilay imti PlUoker had 
workoil ftimidtmuBly at th« s«!»Jri*t, nml hmi invoked. the 
aiil of new i&eam to acmmnt fur thu |ihnnom«na. It waa 
soon, however, fonml timl tho iliH|ibwnnntn»t in a oryatal 
of an atom of tho iron class by an atuin of the hiamuth 
oliias, involving no change of orystulbuo form, produced a 
oomplete tevewat of tho plummui-na, T!i« lines through 
tho crystal which were in tiio uno case dmwn towanl the 
poles of tho mngui’t, were driven, sn the other ease, from 
the^ poles. By snoli instances anti the rensiming which 
they suggmtod, miigno-orystallio action w»s pmved to ho 
due, not to the operation of new forces, but to tho modiE* 
cation of tho old ones by molooular arrangtnnont. Whether 
diarfti^fn©tdittn, like magnetism, was a jHilar force, waa in 
those days a snbjci^t of tho most lively cuntotition. It was 
finally proved to Iw so; and tho must complitmUnl tmsci 
of magne-otyatalUo aotitm wore immcMUaU'ly ahown to be 
airnple meohanioal oonsequencoa at tho principle of dta* 
niagncdo polarity, 

Theao early h'scartihria, which ocoupied in all five 
yeara of roy life, aiul tlm>ugliout whioh tlio molecular 
arohlteoture of crystals was an incessant anbjeot of men* 
tal contemplation, gave a tinge and biaa to my «ub* 
seqaent acientlflo thought, ami their inliuenoo i* ©nelly 
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i in my Kulwqmmt irujuirioH. For example, during 
yoam of lah.ir <m the wultjuct of radiation, heat and 
wore luuidh'd throughout by mo, not m onda, but as 
unontH by tho aid of which tho mind might per- 
;o lay hold upon tho ultimate partioloH of matter, 
iiontifh’. progrt'HH dopomlH mainly upon two factors 
1 jimcHHiiiitly inUiruot -tho Btrcngthoniiig of the mind 
oriuH( 5 , and tho inumination of phenomena by knowl- 
Thoro Ho<*mH no limit to the insight regarding phys- 
intc’.oHHOH whitdi this inUinu^tion carries in its train, 
igh such insight wo am onablod to tmtor and ox])loro 
lubsonsildo world into which all natural phonomona 
tluiir roots, and from which they derive nutrition. 

. wo am onablod to place before tho mind’s eye 
and atomic motions whic.h lie far beyond tho range 
1 senses, and to apply to them reasoning as stringent 
t nppliod by tho in«c)mnici«n to the motions and ool- 
i of Honsihle rnasstw. But once committed to such 
[itions, there is a risK of being irresistibly led be- 
tlm boumla of inorganio nature. Even in those early 
of sciontino growth, I found myself more and more 
died to regard not only erystals, but organic struct- 
tho boily of man inclusive, as oases of molecular 
Bcture, inllrutcdy more complex, it is true, than those 
rgauio nature, but reducible, in the long run, to the 
mechanical laws. In ancient journals I find recorded 
rings and spooulations relating to these subjects, and 
jts made, by reference to magnetic and crystalline 
mena, to present some satisfactory image to the mind 
way in which plants and animals are built up. Per- 
[ may be excused for noting a sample of these early 
ations, already possibly known to a few of my read- 


ers, but wJiicJi here finds a more suitable place than tnat 
which it formerly occupied. 

Sitting, in the summer of 1855, with my friend Dr. 
Debus under the shadow of a massive elm on the bank 
of a river in Normandy, the current of our thoughts and 
conversation was substantially this: We regarded the tree 
above us. In opposition to gravity its molecules had 
ascended, diverged into branches, and budded into in- 
numerable leaves. What caused them to do so — a power 
external to themselves, or an inherent force? Science re- 
jects the outside builder; let us, therefore, consider from 
the other point of view the experience of the present year. 
A low temperature had kept back for weeks the life of the 
vegetable world. But at length the sun gained power — 
or, rather, the cloud-screen which our atmosphere had 
drawn between him and us was removed — and life im- 
mediately kindled under his warmth. But what is life, 
and how can solar light and heat thus affect it? Near 
our elm was a silver birch, with its leaves rapidly quiver- 
ing in the morning air. We had here motion, but not the 
fnotion of life. Each leaf moved as a mass under the in- 
fluence of an outside force, while the motion of life was 
inherent and molecular. How are we to figure this mo- 
lecular motion — ^the forces which it implies, and the results 
which flow from them ? Suppose the leaves to be shaken 
from the Iree and enabled to attract and repel each other. 
To fix the ideas, suppose the point of each leaf to repel 
all the other points and to attract the roots, and the root 
M each leaf to repel all other roots, but to attract the 
pbintfe The leaves would then resemble an assemblage of 
little abatidoned freely to the interaction of their 
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frn forco«. In olnitlioruHi t<» tlic«o Uicy would arrange 
toiiiHolvoa, and llnally emumo {luHituius roHt, forming 
caheront maw). Ixit u« aupposo tho Lreoze, wliicli now 
msca thorn to (quiver, to diaturb tho aHHumod c(iunibrium. 
B oftou ns diatiirlmd thtira would bo a oonatatit cJIitrt on 
lo part of tho Itmvtw to ro-oatabliah it; and in making 
lia olbjrt Um masa of loavoa would paws through difforont 
lapoH anti forma. If other loaves, moroover, were at 
lud tjmlowod with similar foroos, tho attniotion would 
itond to them—a growth of tho nuiHS of luavos being tho 
insoquonoo. 

Wo have strong rttason for assuming that tlio ultimate 
irtiolea of mattor—- tho atoms and mokoulos of which it 
made up-~aro endowed with ft>rt!08 coarsely typiflod by 
oso hero asoribed to tho leaves. Tho phonomona of crys- 
lU»ation, load, of neoessity, to this conooptiou of moleou- 
r pt>larity. Untlor tho operation of auoh foroes the mole- 
lies of a »e«d, like our fallen leaves in the first instance, 
ke up positions from wlnoh they would never move if 
idisturlnsd liy an exteraal impulse. Btit solar light and 
lat, which oome to us as waves through space, are the 
eat agents of Tutdeoular disturbance. On tl>o inert molo- 
les of seed and soil theae waves impinge, disturbing the 
nmie et|uilibrium, whioh there is an immediate effort to 
store. The effort, inoossantly defeated — for the waves 
ntiimo to pour in — -is inoossantly ronowod; in tho mo- 
;'.uiar Ktrugglo matter is gathered from the soil and from 
« atmosphere, and built, in obedience to tho forces which 
lido the moleottles, into the special form of the tree. In 
general way, therefore, the life of the tree might be de- 
led as an unoeasing effort to restore a disturbed equi- 
irium. In the building of crystals Nature makes her 
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flmt atructuml eir«rt; wo havo hero tlm ourlioKt gropii^ 
of tho Hu-mUloil "viUi! foroo," »u«l tlio nuiuifontationB of 
this fonso iu plants ami aitimalH, though, na airoaiij stated, 
indieilnitely more oomplox, are t*» !•« rt'gjir<it’ti ttf tho aatne 
raoolmnicttl quality as thoaii in tho huilcHng of 

the oryaul. 

Conaitlcr the oyolo at ojwraliona Ity whii'U iho aoed 
proclueoa Uio plant, iho plant tho ituwor, iho Huwor again 
the Roeii, the i^auiial Unw, returning with the Ihlnlily of a 
planetary orbit in it« original juunl of tbqiarUire. Who 
or what plamnwl thia tnolofular rhythm? Wts do not 
kaow— aoienae fails even t<» inform tm whotlmr it wna over 
“ptaniuHl" at all. Yomlwr bulUufly Inw a spot tif oranp 
on ita wingj and if we look at a drawing made a century 
ago, of one of nneealors of that buimrlly, wo pnibalily 
find tho aolbaame »jH>l njam the wing, h'tir a century the 
molotmlert havo dcacnlHui their eyelcH. ItnllerlUes Imvo 
hmn begotten, have l«>eu born, and bavo die«l; aliU we 
find the molecular andiitoctu re unchanged. Who t»r what 
determined tbia pemiaUmey of reeurrmico? Wo do not 
know} but we atetnd within our IntoUcHjtual range when 
we «ay that there la probably notlimg in that wing whioh 
may not yet find ita Newton to prove that the pritioiple# 
involved in ita oonatruoUon are qualitatively the wune a« 
tho«® tonight into play in tl» fonnation of the mdar ays* 
ton. We may even take a atep farmer, and affirm that 
the brain of man—the organ of hie roaaon-— without whioh 
he oan neither think nor feel, ia also an aaaemblage of 
moleonlee, acting and reacting according to law. Here, 
however, the methoda pursued in mechanical eolenoe oome 
to an end; and U! aak^ to deduoe from the phyaloal inter- 
aoHon el the heidn moleonlea tihe leant ot the phenomena 
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of sensation or tiiongiit, I acknowledge 
The association of both with tke matter 
be as certain as the association of li^lit -^+ 1 , ® maj 

the sun. But whoroas in the latter case 
broken nioohnnic.nl oonneotion between 
organs, m the former case logical continniiy disappear,. 
Between inolooular mechanics and consciousness is 
posed a Assure over wlucb tbe ladder of physical rea- 
sonlng is jnoompoUmt to carry ns. We mnst, therefore, 
aooopt the ohsorved association as an empirical fact, 
without being able to bring it under tbe yoke of 4 
priori deduotion. 


Such wore the pondorings wbicb. ran babitixally through 
luy mind in the days of my scientific yontb. They illus- 
trato two tliingH-~a determination to pusk physical coa- 
sidurutiourt to their utmost legitimate limit; and an ac- 
kuowlodgmoiit that physical considerations do not I«wi 
to the lluul explanation of all that we feel and know. 
This aoknowloflgment, be it said in passing, was by no 
moans made with the view of providing room for the play 
of ooimidoraaouB other than physical. Tbe same inu?!- 
leotual duality, if I tbe phrase, manifests itself 

in the following extract from an article entitled “Pfayssea 
and MoUiphysies,” publisbed in the “Satnrday Beview” 


for August 4, 1860: 

.‘Th. philoMphy of Ao tawre wiU aosoredly 
««u„, .hao tU. of the paot of Ae 
.„d foeliog 00 

qua’.itto! of the miud will be otudie B 

binatioiJi as we now ntudy too believe thet e ee e y 

A. afleetion. of ordinary matter^ We beUeve ev-y 

ScIBNCK V X— AO 
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Uuiuglit unci t’vnry fencing \mn iu «h^tliut4^ miwlmnicml oor* 
rt^liitivf'- '■■■■ilyit it m iw.Hn»iii|mniml Uy a wtUmi bricking up 
mtnl mniimhiiUuig at thi^ siUniw c»I ihn hmun Tina Uit^v 
prtHutw 5a pumly phyaiatl; lunl wnm ihi^ fncniltii^a wn now 
jKUimw aullunincily oxjmni!n«l, wilhuut iho vrvnixmi of my 
nrw ffuncUvi it wctuld dHuliiloiin Ut* wittiin riuigo of our 
sini^iHUiU’d pMwora itifor fr**in tho iiiulrrulur aUito of tha 
linun Uio rhiinirn^r of ilco iliouglit wrung ou it^ mu}, cum* 
variioly, to infrf from iho llunighi ilio tmiltHUiIar 

aomliiiim of iho bruin, Wi^ do not miy luu} thia, m will 
\m mHHi, ti ulbimporluni * llmi tlm informiru htm^ ridorrod 
io winiM Im m\ d ^^riuri our. Hut liy obm*rving, with iha 
fiundtira wn iiaatiuir, ihr aUsli^ of tlin brain iiml Urn aaao* 
nuntiid idlrriituia, both migbl br at* IiiIiuIwUhI aide 
by ftitla tJiiib if oim wrrr gjvsui* a turn^ rrfrrnuui iha 
tublr would ilrrlan^ ilin ollirr, Uiir promnit poworai it ig 
tru«% ahrivrl into uoihiugiou^a wbrn l»roug!ii u* bimr cm 
iiurti a problrm* but it tn binmuan of ito roUiplriity and 
our bmita that lliia in ibr ri»r, Tbr yioiliCy of tlm |irub» 
lum iind of tntr jHiwora uri% wn lmbrv«% ao rrbitod, ihitt a 
nmn^ iix|mriai«m tif tlm blU’^r would mublr iluuu to tmpa 
mth tlia fomar, Why^ ihan. in atninaiiir aptn’ubiiicm 
ahoub! wo turn t»ur rymi rxrluai%udy to tlir jiriat? May 
it not bo ihat ft limn in roiuing wgoa to* doubt diatanij 
but itill ftd^ftncnng' wbiut llm dwrllara tunm ibb fair 
oftfili* atariing from ihn gnm^ Utuimn liriun of Unday m 
m rudinumi, nmy br nldo u> upjdy to- iluw luiglity ejm^* 
Ijyiift fftcniltira of rofiimniaurftir CItvr-n thn r«H|ui« 
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no al)8()!uU) lircach of continuity hctwoon us and our 
cr lir<»tlicrM jot to como, 

•Wo hiivo (rimnUu! ourHcIvtis against Baying that the 
rring <if thought from niatorial oomhinationB and ar« 
[iniifiitH wiitthl ho an jnfcroiK’o d priori. Tho infcr- 

I niciint would ho tho namo in hind as that wliudi tlio 
rvntion <if tlio oITocIh of hmd and drudc xipon tho rniiid 
id t'ualilo UH to mako, dirfcring only from tho latter 
ho dcgr«'o <tf analytical iiirtight whioh wo Huppoao 
inod. (liven tho nniKKcH ami dintaiuu‘,H of tho plaiu^tn, 
'un infer the perturhatiouH (uinHcijncnt on tluur mutual 
tctioiiM. (liven tilt* nature of a disturhaneo in water, 
or other knowing tho phy«ie.al tpialitioa of tho me- 

II \ve can infi'r how its partioloH will ho alTented. lu 
.Ilia we deal with physical lawn. Tho mind runs with 
linty uliiitg the lino of thought which conneota tho 
mmeiiu, and from hoginning to end there Is no break 
II' ehaln. Hut when wo endeavor to pass hy a similar 
esH from tlie phenomena of physios to those of thought, 
lU'et a prohlem whieh tratiKeonds any conceivable ex- 
iion of tho powers whieh wo now possoss. Wo may 
k over tho Huhjeet again and again, hut it eludes all 
leetuul pri'sentation. We stand at length face to fane 

the Tneoinprohonsihlo. The territory of physios is 
‘, hut it has Its limits from which wo look with vacant 
into tho regiotj hoyond. Let us follow matter to its 
mt hounds, lot us claim it in all its forms— even in 
muscleH, hlood, and hrain of man himself— as ours to 
irltnent with and to speculate upon. Casting the term 
1 force’ from our vocabulary, let us reduce, if we can, 
visihlo idienoinona of life to meohanioal attractions 
repulpions. Having thus exhausted physios, and 
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roiutluid it» v»'ry run, a miKhty Mynl^ry atill Imnna bwyond 
UH. Wo havo, in fact, inudo no «lcj» toward ita solution. 
Anti thuH it will ovor coinjatlling the jiliiloaophiea 

of auootMwivti ages to ooiift'HH that 

An «ro tsmtn at, «Hir Hitlw lifu 

In rmmtbii by ** 

In my work on “Ilcat,” jmbUsltw! in iHiijj, and repub- 
liabed many times aiimo, I wmpbty the jircmnc language 
thus oxtractod from tins "Suiurtljiy Huview." 

The diatiuetion ia here dearly hrt»ughl out whicdi I 
hud nsHolvcd at idl hawirtla to ilrnw -llinl, tuuncly, h«- 
twoon what tiiou knew or might know, ami what they 
could nerer hojas to know. Impart aimpie magnifying 
power to our proaetrit viaion, and tlm atomic inotitma of 
tlio brain iludf might he lirtiught into view. Chunparo 
theae motiona willj the corrt'spomling ataUw of cotimuous- 
neas, and an empirical nesua might Im cahddialnKl ; but 
“wo try to aoar in a vatnumi when we emieav'tjr U» piiaa 
by logical deduoUon from tlm one Ui tlm other." Among 
thewe braia-efleotti a new product apjasan* which deflos 
meolmnical treatmunt. We cannot dwlucu motion from 
oonaoiouauoHa or conaoiouancBa from motion aa we doduoe 
one modon from anotlier. Novortlmleaa ohuervatiun i« 
open to U8, and by it rolationa may ho catahlialuHl which 
are at loaat aa valid aa thoae of the dwluntive reojusn. Tlie 
difflonlty may really He in the attempt to convert a datum 
into an inferenoo— -an nlOmato fact into a product of logic. 
My dealre for the moment, however, is not t<» thoorine, 
but to let faota apeak in reply to nceuaation. 

The moat “matenalUUo'' a|moulation for which I waa 
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»Hi)onBil)lo, prior to the “Belfaat Addresa,” is embodied 
i the following extract fwjm a brief article written as far 
tick OH 18<i5: “SupiKwing the moloculoa ol the human 
oily, instead of replacing others, and thus renewing a 
ro-oxisting form, to bo gathered first-hand from nature, 
id placed in the exact relative positions which they oc- 
ipy in the body. Supposing thorn to have the same 
ircoH and distrilmtion of forces, the same motions and 
istribution of rnotlons — would this organized concourse 
rnoleculcH stand before us as a sentient, tliinking being? 
hero seems no valid reason to assume that it would not 
r HiippoHiiig a planet carved from the sun, sot spinning 
mud an axis, and aent revolving round the sun at a dis- 
nen eipial to that of our earth, would one oonsoquonco 
the refrigemtion of the muss ho tlio development of 
•gunlo forms? I h'un to the allirmative/' This is plain 
ifiikiiig, hut it is without “dogmatism." An opinion is 
iprcHHcd, a holiof, a haning — not an established “doo- 
inc,' ' 

The fnirden of my writings in this connection is as 
tuili (I recognition of the wuukness of soionco as an asser- 
>11 of its strength. In 18(17, I told the working men of 
undec that while making the largest demand for freedom 
invesligation; while considering soionco to be alike pow- 
ftil tiM an instrument of intellectual culture, and as a 
inistratit to the material wants of men; if asked whether 
iimco has solved, or is likely in our day to solve, “the 
■oblern of the universe," I must shako my head in doubt, 
oompare the mind of man to a musical instrument with 
certain range of notes, beyond which in both directions 
lists infinite silenoo. The phenomena of matter and 
roe oome within our intellectual range; but behind, and 
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above, aitd iiromul iw the reiil iuyHt<‘ry "f the iinivemi lioa 
u»Ht>lvtHl, ttiul, ‘W fat aa wts nro coiu-unuHl, ih iuinipable 
o£ Holuthm. 

Wliilo ro£rt»hiiJg my mind on Uu'hk old tboiium I ap- 
pear to mywdf aa a peraon iH)»«e«aiug otio idea, wbi<',!t ho 
ovonnaHtora liim that ho in iiovor weary «>{ n-peutitig it. 
That idoli IH the iK)l«r ooiuiopli»>u «if llu’ gnimli-ur and tlio 
litUoneaa of man — Urn vaaitu'w of Ida nuigi' in Homo ro- 
Bpaete and diroodona, and Ida {HtwerloHanow t«> tiiko a 
aingle atop in titUera, In iBtia, Indtiro tlio MutUomatical 
and Physical Htiodtm of the Uritiah AHHoeiuiion, then 
aasBmbled at Norwioh, I ropnit ll(o wnin' wid! wont noUi: 

“In thuH afllrming the growlli of the huutnn body to 
be memliauical, and dunighl as oaereiHod by na to have its 
correlative in the pUyaioa of Um brain, tUo juiniiion of tlio 
‘ material iHt,' tw far ns that jm«iUon is Umnblo, w HUtod. 

I think the nuttoriidwt will Iw able finally to luaiutaiu tluH 
ptwition against all attacks, but I do not think ho can 
pass V)oyond it. The problem of the eonneelnm of body 
and soul is ns iusolubhi in its unHlern form m it was in 
the pre-Boientifie agm. Plusjphorus is a ct>nsliiuenl of the 
bmnan brain, and a trenchant (lermun writor has cx- 
olaiinod, ‘()Un« Phosphor koin gedaukel’ Tiuit may or 
may not ho tho caso; but, oven tf we know it hi Iw tho 
case, tho knowledge would not Itghmn our darkness. On 
both aldoa of tho )«mo hem Basigmal t«» the matorialist ho 
ia otjually helpless. If you ask him whence is this ‘mat* 
tor’ of whieh we have iHum tlimionrsiug -who or what 
divddod it into moleeuliHt, ami imjiri'sse«l npon them lids 
running into ttrgatde Umm he has m. answer. 
Sedonoe ia ilao mute in regard i«» suidi ijuoHiions. Hut if 
lihe materialijrt k oonfounded ami •Hiietuo IS nuiilered 
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», who oImo iH proimml with an answer? Let us 
our heads and acknowledge our ignorance, priest 
jhiloBopher, one and all." 

10 roll of (Kihoos which suooeoded the Lecture deliv- 
hy Professor Virchow at Munich on Soptorabor 22, 
was long and loud. The "Times" published a 
{ full tninslatioD of the lecture, and it was eagerly 
.on tod on in otiior journals. Glances from it to an 
OSS deli voted by mo before the Midland Institute in 
utunm of 1877, and publiwhod in tliis volume, wore 
froriuont. Professor Virohow was hold up to mo in 
<iuarton» as a jiukIoI of philosophio caution, who by 
iimotmblencss ropmvod my rashness, and by his depth 
I'm! my Bhallownoss. With true thoologio courtesy I 
ii'dukniHly ejuptiod, not oidy of the "principles of 
illc thought," but of "conunon modesty” and "oom- 
scnso.” And though I am indebted to Professor 
rcl for rocalling in the "Nineteenth Century” for 
llio public mind in this connection from heated 
to M(»bcr fact, I do not think a brief additional ex- 
tion of Virchow’s views, and of my relation to them, 
o out of place hero. 

ic keynote of his position is struck in the preface to 
tcellcnt Knglish translation of his lecture — ^a preface 
n expressly by himself. "Nothing," he says, "was 
r from his intention than any wish to disparage the 
services rendered by Mr. Darwin to the advancement 
logical science, of which no one has expressed more 
itioa than himself. On the other hand, it seemed 
.imc to him to enter an energetic protest against the 
)te that are made to proclaim the problems of re- 
as actual facts, and the opinions of scientists as 
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and around us the real mystery of the 
niisolyed, and, as far as we are concerned, 
of solution* 

While refreshing my mind on these old 
pear to myself as a person possessing one i 
overmasters him that he is never weary of 
That idea is the polar conception of the grai 
littleness of man — the vastness of his rang( 
spects and directions, and his powerlessnc 
single step in others. In 1868, before the 
and. Physical Section of the British Asso 
assembled at Norwich, 1 repeat the same w( 

‘‘In thus affirming the growth of the hu 
be mechanical, and thought as exercised by x 
correlative in the physics of the brain, the p 
‘materialist,’ as far as that position is tenal 
I think the materialist will be able finally to 
position against all attacks, but I do not 
pass beyond it. The problem of the conne( 
and soul is as insoluble in its modern form 
the pre-scientific ages. Phosphorus is a cons 
human brain, and a trenchant Q-erman wi 
claimed, ‘Ohne Phosphor kein gedanke!’ 
may not be the case; but, even if we knex/v 
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jb, wIhi «!mi is witli an answer? Li 

nr onr hniuJa ami aeknowlotlgo our ignorance, | 
philosojjhor, c»no aw! all.” 

I’bo mil of which suc-cmifltid the Lecture c 

i by l*r«»fcHsur Vin'liow at Munich on S<spt«mbo 
f, was long ainl loud. The “Tiiim” |mhUsl« 
•ly full translation of tlio Uicturo, and it was cu< 
inunUul fui in oilier journals, Qlanoes from it t 
Iress tkilivered by me Imforw the Midland Inatitu 
autunm of 1B77, and puhlished in tliis volume, 
r fnujuent. Professor Virchow wiw hold up to in 
I* «niarter» as a iikmIuI of philosophic caution, wh< 
reasonableness rejiroved iny rashness, and by his d 
«»ved my shallowness. With true thoologio eourte 
siHlnlously einptieil, not only of the “principle 
ilifie thought," but of “common modesty" and “< 
sense." And though 1 am indebted to Profe 
onl for recalling in the “Nineteenth Century” 
il the puhlio mind in this connection from h©i 
y to sober fact, I do not tliink a brief additional 
lation of Virchow’s views, and of my relation to th 
be out of place hero. 

'Ite keynote of his position is straek in the prefaoi 


416 


FRAGUENTS OF amEN( 


establinliod scienct).'’ On the gnmnd, ! 
It promotes the pernicious tleluHions 
Viri;lu>w tumsitlers the theory of ovoluti 
Ins fidelity to truth is so great that h 
danger and t(?ach the theory, if it v 
“However ilungerous the stiito of thing! 
eonfethnitert ho as nusehievouH as they 
not hcMittUe to say that from the inoti 
hofotiH) convinced that the evolution l 
h*t!tly estiil!liHl«Hl dtxitrin©-- so certain th. 
our <»atli to it, so sure that we could i 
from tliat moimmt we ctmld not dims t 
uhout introilueing it into our actual lift 
commnmwite it to evtsry edueaUul man 
to every ehlld, to make it tlio fomuln 
ideau id the world, of wmiety, and the 
upon it oiir whole system of educatior 
be a necessity. “ 

It would Im inten^stiiig to know tlie 
by the pronoun “we” in tiie first seuU 
ing quotation. No doubt Professor lint 
this canon in all its fulness, and found 
tion. He would say without liesitation: 


tliiHJiiVMry Mui dimninmon will l>e displaced by s 
tg far Imm undo anti salutary. 
l'h« ba«l«n, however, of tins celebrated lecture 
fling that a murkedl diatinotion ought to be made 
»» that which ia experimentally proved, and that w 
itiil in ^e region of speculation. As to the la 
ihow by no tneana imposea silence. Ho ia far too 
Oita a man to commit himself, at the present tim 
, to any anoh absurdity. But he insists that it oi 
tM pul on tile saiue evidential level as the fon 
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regard to tlie connection between pliys 
nieutal plienomena he says: “I will, 
grant that we can find certain gradatio 
points at which wo trace a passage froi 
to processes purely physical, or of a ] 
Throughout this discourse I am not as 
never bo possible to bring psyohieal pr 
mediate wnneotion with those that aw 
say is that wo have ai present no right 
sihk oonueotion as a doctrine of scion 
paragraph he reiteratos his position wi) 
introduotion of su<5h topics into selux 
must draw,” ho says, “a strict distino 
we wish to ieach^ and what wo wish t 
objects of our research are expressed tu 
potheses). IKe msed not Imp tlimn to 
ready to communicalo (Iie.m to all tlio mar 
is tlie problem; that is what we strive I 
vestigatkm of such problems, in whieli 
may he intertssted, cannot l>e rostriotetl 
is h'reotlom of Im|uiry. But the problei 
not, without further delate, to l)o mad 
will not ooncede to Dr. IlaeeUcl “that 

iliii iliMMtliL wliotlirr illi 
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num^ I ill ill k wi^ plit»til 4 \m iilnmirtg our p«^ 
\m ttii|iori!liiig our iMiwor, in our U' 

i 4 irit*i titim 4 vo^ la lliw jiorfiioily tuifo aiul ui 
immu Froifi thw diiiiuuii tm ui«fi/ make inru 
Jield iff fitiil I iiitt mite tliiit «!vc»ry v 

kiitil will llnni tiliil iitl iiooilfiil i 4 ortiriij liiicl 
hiivii iffiij*Iiiii4mo4 }iy itiilir^ two mniiont'rK in 
norion Ilf f{tiot 4 itiaii«; ilm t>t!ir*r itulioH lirti 
own. 

¥iriiti«»w*« jiniiticiii omifcl iif 4 \m iniulii t* 
fiaitiiii^iit^ of iiiiiiii lliiiii lio Iii« liortt uiiul 
Tliiil in mm «if tho liigliont |»niotitiii 

**Tlirciiigliaiil tiiir wlialo (loriimn FiithorIf.iJ:i 
“moil ftRj titmml iii roiiaviiiing, oxlmuliug, 
itig lilts »jil 4 iiii of tiiliiiiitlitm, iiiiil iit invontin 
ill wiiioli lo malfl it (in ititi tliroi^IioUl of c 
ftiiiitili lliti Fruiniiiii kw of oiluonlitm. In al 
krgor mlumh mm being buill, new e< 
liibltiliificiiito ttws up, lb# univaraitiaa n 
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then, I liave never advocateci tlie int 
theory of evolution into our schoola ; 
diapoaed to resiat ita introduction before 
been bettor underatoocl and ita utility i 
nmni than it in now by the grtmt body v 
The theory ouglit, f think, to Iddci its t: 
conflict of diacovery, argiunent, and opi 
it this recognitioiu A noceaaary ccuuliti 
ia that free diatniaHii>n aliould not be prt 
the ferocity of rovie%vera or the arm of tl 
aa I aaid liefore, the work of Hcnnal prep 
on. On thia count, tlien, I claim tictiuit 
monumt on the aitle of Virchow. 

lk?aidi‘H the dutiea of tli© chair, wl 
privilegf.Hl to ocempy in London for ttio 
of a century, ami %fluch never itivolve 
part, pm or cc/i, in referenet^ tt> tfie tin 
I have had tlte honor of lidtirt^Hsiiig m 
pool, llelfaat, and Birmiiighiiin; ami in t' 
theory of evolution, am! the coiineetinl 
laiicmm generatum, hiivo lieeii iinu-ii or h 
Let Hi !n«>w examimi wliciilicr in nij rtdti 
psirteil from the vh^wa of Vircltciw or iw 

tn tliii 


tmimHmumi mnu im nuii, Iiiu, m wti iiiulr 
iinl tiiivci hfint oii llwj iBiirili. lit 

etiiiitf llHirr? Tim tiling In Im ©iinnuriignil 

t^ltl m fp'oilrilll limilMitlli lij lliil 

wlii»4i rlii^^kn ill i|it»atilEt 

iliiiig |4,i Im IhiIIi in Piiiiiiinii ai; 
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niiity of nature, I cannot stop abruptly whe 
scopes cease to be of use. At this point the 
mind authoritatively supplements that of the 
intellectual necessity I cross the boundary c 
mental evidence, and discern in that ‘matte 
in our ignorance of its latent powers, and nc 
our professed reverence for its Creator, have 
ered with opprobrium, the promise and potei 
restrial life.” Without halting for a momei 
do the precise thing which Professor Virchc 
be necessary. “If you ask me,” I say, 
exists the least evidence to prove that any 
can be developed out of matter independen 
dent life, my reply is that evidence consid( 
conclusive by many has been adduced, and 
to follow a common example, and accept 
cause it falls in with our belief, we should 
with the evidence referred to. But there i 
man of science a desire stronger than the wis 
beliefs upheld; namely, the desire to hav( 
And those to whom I refer as having studi 
lion, believing the evidence ofEered in favor 
ous generation’ to be vitiated by error, can 
Thev know full well that the chemist now ; 


r 


ill ii Ufi», if I »lar« apply th« ten 

titnl aptut of whioh in uilored to tho Invastigi 
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^ 24 : 

Italittn edition. So far from Natural S 
tiling of tlio past [tlio ‘Atlumnmm’ had 
bo], it ia an accopUnl tUxitrino with ah 
HOphical naturalist, inoluding, it will a 
stood, a eonftiderable proportion who aro 
admit that it uwounta for all Mr. Darwi 
In the following year, at Innahruok, III 
tlio Humo ground.' Another decade has 
he irt Bimply blind who cannot »©« the oi 
made by tlie tlioory during that tiiue. £ 
ward and viaiblo signs of ttuB ailvance 
catod. The hoHtility and fear which k< 
the recognition of Mr. Darwin by hia owi 
vanished, and thin year Cambriilgo, aiuii 
mation, confened on him her Doctor 
Academy of ScieneoB in Paris, which 1 
BisUmtly cloHod ita doors agaiimt Mr. 
yielded at la»t’, while HermouH, leeture.s, : 
rielea plainly show that even the clergy 
extent, become ace.limatissinl to the Dar 
brief reference to Mr. Darwin in the 
drcaa waa bM«Ml upon the knowledge tl 
had been iwcompliHlii-d. and were still g< 


PRoi>‘mm>R vinaNow and 

InnwniH i»f ©»utit»u wliioh ha iutjulcat^ w 
l.y m», yfiin» lii’forij hia voi«« wan heard U] 
htta Ufi'ii jtr*tv*Hl in tins f«rt*going |>age«. ] 

iC hii hiul jtr»«u*(UHl mu iirntnaii oC follow in| 
d«!Hir«! had Iti'ru lo iin’(>rjH»rak( his wiKhei 
I <1111 Id in>t luivi* matinjdiMlind Uil« more 
in jH.HKtldc, UH»r«Htver, to draw thn csoinu 
ftirthi r, for mont of what Im han aaiil al> 
gi'iioruliim miKht havo ln'ru uLUtred hy n 
(i{itiiH>u that the llmory »»f evidutioa in itj 
irjvidvea the jaiawign from mutter which ■ 
he inoigunio into orgunizod matUir; in < 
v«ilvca tht» ttUHnnijition that at uoiue jinrioti 
carih'a hiatory there iKimiritsd whut wouli 
'‘jijwmtiuiconx generation." I agree with 
|iroofa of it arc alill wniitiug. *‘Who<^voi 
calla U» iniml tho Iftiiwntable failure of i 
inttclw wry reaimtly to diswvor a diHiidod 
g/rfifrutif m/uivoca in th« lower forniH of 
the inorganio to tU« organic world will fo 
riotm to demand that thia thoory, ho [utte 
ahouhl \m in any way ae-m'ptcd m the baHi« , 
of life.” I hold with Virchow that the M 
lamcntahlo, that th® dootrino u utterly di 
....uitinn Imre iB so well kaown that T 
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what I had said seveateen years previous! 
day Eoview.” The Professor continues 
attraction and repulsion as exliibitions of 
cal plienomena, I simply tlirow the Psycln 
dow, and the Psyche ceases to be a Psycl 
in passing, that tlie Psycho that could lx 
window is not worth house-room. At this 
lator, who is evidently a man of culture, i 
foot-note. “As an illustration of Pro] 
meaning, wa may quote the conclusion 
Tyndall arrivea respecting tho hypothesis > 
offered as an explanation or a simpliflcu 
of obscure phonomena — psychical phenoj 
them. ‘If you are content to make yoi 
rendering of a phenomenon which refu 
ordinary physical law;,, I, for one, would i 
exorcise of ideality.' “* Professor Virch 
admit, required illustration; but I do not 
tiio quotation from mo subserves tins pti 
even know whetijor I am cited as moriti 
Mrving opprobrium. In a far ct»rsor fi 
ance of mine has been dealt witii in otiic 
tlicrefore be worth wliilii to Hp<md a few v 
Tlio sting of a wasp at tho llnger-end 


rtfinttm' ANn kvolv 


wJiii'li, Htrii liv iiiU'rprt'U'il, im iiUniiUi inittioii 
a t ulmig th*' ju»rv«», iind cojii 

th ItriiiiL A giu It, flit llitt' Ming I lij 

vi*4ritllv itwiiy^ Wiiiil liiw riuipiiil tiintiiiii 
11$!’ fruiii tlii^ hmiii in rr'iiiuvi! ih« 

iiloiig i!ii^ iiHitof iir^rvi’14 III ilii’f jiriipar ttitwali 

ftif'rr^ l«niig tlii^y |wtrfi»riii tha wen 

f»f iJirfli,. flu I wlllll tllfiVt’tl tllli nvTVn Ill«!( 
lli«’ Hnima t,if ptyiii 

plinil. Hill litim' aim II uriimi <if piiiiis nr atr 
Itf Iiiiikit liiiitlar Nnt ill 

}»niii nr ji!wi.^itri:* iii i!ip Wfirlil imiiiIiI lifi a iit 
II I»illti4.rii4*iill ; wliy it niir a imilnou 

a,ii{»raiiii ilia ftmtinii iiiiiiiariaiillj ill k^ririH <if t 
iinil lilt! ililiimiltj iiiiiriai Utility iij;*|H5arH, I fa 
Iniig iigii aiilrrli4iiia«.| lij pliilnuojihara, bill la 
iiiifi i4ji«t?iiil %lmi ilia plijsioal | 

rniiipluli} ill and wotilil go on jiis' 

if aimaiiioinmoaa wi^rci tint iil all itiiplioatad- 
twm^ citi lliii view, m m kind of lij-prodnofc i 
ill kiriiii of kmm iiiid iiiotioiii and iineaaontial 
kioiilar oliiiiigtiii going cut in the liraitn 

jfol? ymm i^O| 1 wrot^ tkiuis “,Do stolw c 
oiit.or an linki into Hit ehmn of ant6ced< 
wliich given rinii to lK>clily actions? S 
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hold tho aiiUirnaton theory that atatea < 
prothiml by the motion of tlio molecul 
thia produotiou of eonaciouanoaa by i 
to me quite ea unpreaeutable to the ii 
prodnotion of molecular motion by < 
reject one roHult f mnat reject Iwth 
neither, and thua atand in tho proaenc 
lienaibloH, inatead of one Itieompreliim 
cede from tho automaton theory, tho 
friomla who have all my eateem, and 
avowal which oceurH with Hueli \ 
throughout the foregoing pagea; nam 
iiienpHcity t«> graap the problem. 

Thia avowal ia repoat«‘d with empl 
to which Profeaaor Vircdiow’a traualat 
Whikt, I there aak, ia the causal ctmr 
kdijeetive ami the 8ubj(*etive--betwetui 
and atatea of couathtJuaiieKS ? My aiisvv 
the eomniction, nor am 1 aoiiuaiiited 
doi^H. It ia no explanation to aay tha 
subjective are two ai<lea of one and the 
Wliy ahould tho phonomonon have two 
very core of the dillieulty. There are 


pmwmmii impimw Am^ EwmdirmN 


jhii W0 mil Umn im |ni‘ltirti of tli© pr 
vimnvumfmn^m oitlior m fi mmmmry 

im itfi iP‘t'ii!r’iilitl of thi^ sorien of act 

I r«n'«'rfo-* of tint prt«.iiii*|joii of rnoiioii !>j 

tn f’ljiiiillv ioijirf»HOoiiihlr! to ilm Itiifid. Wi 
^ ill fiirt oil tlio tioimdiiry linn of tlio iritollciot, m 
«ir 4 Hiiiry oiiioifiii t»f mooiioo fail lo o.xtric!iite m. I 

io l!iri 4 t! iMitioioi, wo intiat siony to nubjiH'tivo 
HOiii lilt iiiHiitoioo oil phyairiil proecmiiOH. Tha 
iioiil ji!iilii#oj.iltorj iw MUi*h„ will iiavt^r plaoo a ntat 
iimi a group of looloiniltm in tlui ndi 
iiovi^r Hint iiiovod, Olmarviitioii |iro¥t;!ii tliom U> 
litii* 111 jiiiHHiiig from llm oiio to ilia othar, w© : 
iiiiik wliioli ilm logiii of dadiiatioii ia tiiiiihla to 
ii lliti romlar wilt notiainbar^ m llui c*oiieIu«i<m at w 
111 arrifiiil iiiorti lliiiii twcnity yaiiw ago. 1 laj 
tariiigly iti© aiiatral tliffiaullj of tl© materialist 
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tlien I, for one, would not olijoct to tli 
ity.” I 8iiy it Htrongly, but with goo 
theologian, or tlio defendor of thooloj 
suourgeH me for putting the question in 
of blacsk ingratitude. 

Notwithstanding the agreement thii 
thero are certain {«>int8 in Profeaaor 'V 
whicdi I should feel inclined to take < 
it was hardly neeoasary to aK8o<'iate tl 
tiou with Soeialisin; it may bo even 
it wu« correct to do so. Ah Lange r( 
Socialism, or <if its extremo huulerH, i; 
existing sysknus of government, and u 
them k> this end is welt«>mod, whethc 
papal infallibility. For long years 
Cliurch and State united against the 
thorebtro regarded with a tunmnon halt 
does a serious dilTenniee arise between 
than a portion of the Soeialiste bt'gin it 
with the former.* The experience ol 
elections illustrates Lange's jmsitiou. 
truer to rny miml tlian this fitar of p 


tmommcm vmntow and evofmtjon 


j«ly timlroiiHwti of, which it of the enigmi 

and orgiuiiKiitiou. Ho points to tho clouds of 
oonfuiiii>n whioli it haa alreatly dispersed, and s' 
' tl»o jmigross of «Iincovory since its first oimncii 
imply a rtjoord of tho appnmch of the theory to 
ipleto doiiionstraUtm, One jHiiut in this “popi 
j*aition duaorves espocinl mention lusro. Ilolml 
ra to tho tlmniimiit position acipnrod by Gorman 
siology and mediidne, while other nations have 
last of her in tho investigation of inorganic na 
(daiins for German men the ciriuiit of pursuing 
aggiiig and self-denying industry, witlt purely : 
s, and without any immmlisto prosjawt of prac 
ity, Uie tnilUvation of pure science. But that w 
dett*ritiinod Gorman superiority in tho fields rofc 
tfjw, in hw opinion, something different from this, 
'ies into the nature of life are intimately conne 
t psychological and ethical t£uo8tion8; and he ch 
his countrymen a greater fearlessness of the oo 
nees which a full knowledge of tho truth may 
y along with it, than reigns among tlio inquirer 
ir nahons. And why is this the case? “England 
w»»,” h« Miys, **po«»©»» distinguished investigate 
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of half knowledge. A (dieerfuUy labor 
|>e«>{>lo — a people niorjilly strong — can 
truth full in the face. Nor are they t 
enunciation of ono-Hi<iod theories, evei 
appear tt» threaten tlie laUMsa of hocic 
of Ilelmholts! are, in iny opinion, wi«< 
cable U) the oondition of (lennany at t 
tlian those which express the fears of 
It will Im) romemberodi that at the tim 
chief anxieties were dirotsted toward 1 
haa ainee that time given ample evidei 
crush, not only Soeiuli.HtH, but anti-l^) 
impitso <tn lu'rayt>ki! whieh she refiwo 
in close connecti»>n with these ntleni 
I piaoi) another ntUirance not less no 
was muh'rsUKnl and appreciaUHl by tin 
addressed. “If,” S!il<l the Presid(mt ol 
ciathm in his opening addrc.ss in I>ul 
down Iwforehund the pnanse limits of ; 
the proldem of physical seietiee wtni 
Sidvod, But the fjucKtion h> whieh tin 
haa often to addrctts himtMilf In, not m< 
able to Hoivtj this or that prehlcm; bu' 


iwmmiJii niit^iiow Mvojj^mKV 


i ^mwmm mm rt*ifHiii4» If, %hmi^ iil » iiMiiiifiiil win 
n liittiwi If plmml on m jistuiiw.ilti fmiii wliksli liaise 
li ill i.ik*'* II ji|irii|'>ri‘livii niifYtiy of tins niiigii of mn^ 
in toil iiii wliiil !io tmii froifi !iis VHritiigt!'gr<j 
t fiiioli fi otiiiiif'iil, liftor slmiiufig liin gaao to llus 
ro Ilf ilni fiiiri.^i-»io i.ifl4*r <losori!jiiig tlio iiiosl cli 
i'«4l olijrtisi, till sIhoiIiI give iilirriitire lll^ 

of lliii iiii}iji?cf4%‘o iiii wliirh !io is riniHi 
from rr;..M*>iiS kryoinl; if Is- ;-i!iool4 ih 
4tri}:ii4i*i< wliinii ii|it4ang to his vi«‘w; i( hi' sh 

liiifi iflij !ifi ill inks tins II tiitiro hliiul liih'V hihI ih: 

I I mill; lj|rii f/i#^ fiitili mmi l/n? woulti Ihi nii 

rrfmfti f«i linl##! i$ml k-mpriu^eii/ In Jhrm 

juiliifmmi tm mAni $m /onir; iAm nmurni/p ii is iiy: 
iit im i)w ermr »/ rmi/f.iioii//ng inn/fr-rs t»J' 

maiftTM t»f if im fniimi In dimrimiuuiti irl 

ri#rioii» lekimnis mmimifmt im Mimk m immurmf mm 
f4 l/iiil km4 hmm mU pui mm mrrm /miiny/^ 

fiitlii ki^oly agrtttiiiig with him I otimoi quite acn 
^ 4 ltrig ia wliirli Protenaor Virchow pkeos tlic < 
4jlj ttkirlivo iittoiiiptfi te nouuro an oxporimouiiil b 
ii© Ilf BpQBlmmm gm^mUtm. It ia m 

aim ‘*»0 ilkorticlitei*^ llial iomt of ih& scientiflo tlii 
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on, the planets wore (letachecl; luicl tliai 
is the residual nucleus of the {IcRtcukui 
from wlucli tlie planeto were siujcessifel)^ 
as wo detIne it, was m»t jamsihle for m 
this separation. When ami how did it 
fdnuulj pressed this but have 

awer.* If, with ProfcHSor Kniglit, wo 
a(H’.ount of the intriHluctioii of life npo 
poem, not as a Htakuneiit of fact, where i 
guidance m -to the fact? There <IoeH n 
possessing the atrengtli of a cobweh to ^ 
pothesis wliich ascrilms tlu!i appcaraitca^ oi 
tencj of matter’* whitdi finds expriissiou 
This hypothesis is not without r 
they Tmniih when compared witiii those 
its rivals- There are various fault in 
coimecUal, and whoso contmciions we an 
but we do not think of fllling llie gap 
the intrusion of a si^parable spiritual agc 
iieri thougli we are unable to teice llie 
from tibe nebulai when there was no lif< 
the prcient earth where life abounds, tli 
tiee of Hciemui pronounce against the ir 




piifiFmMOM wimumw and ewolution^ 


ffr’iitiv*' in Umn an asmirtion of knowl 

n II |ir*iiri4i tlia iwi«innpti(>n of knowledge w 

4% if not alwnyn, Im liejantl and the claii 

<•!! ill II mmnw nf {Hirpotuiil eonfuaion/^ At the i 
wliiet I liHik with Htnemcnm giwo into the w 
lilieii iiM fa,r im tny eapiieitieH allow^ overwhelming’ 
m llie je‘f*d«»fiiiniirit feeling. Thin wonder has con 
ffoiii the just ns much m my nndemtimclingj 
'Ills mi fijiuil riglit to saiinfm^tion. Utmee I say 
inloiiiiig jour illegitimutii ehuni to knowledge, 
wiili your fondieiid in tlie dust and nekn 
tliii iiiitlioniliip of this uriiversii n> he pant liu' 
if, liiiviiig liiinie tltis eonfiUHitui, and relinquishad 
vs of liio iiieidiiiidca! theologian, you desire, for the 
».‘fiort of feelings teliieli I lulmit in he., in great | 
40 Ilf litiiiiiiiiify at large, to give ideal form to 
rer ll»l iiitiviii all ihinga— it m not by me that 
' iml iilijeeliona raiacid to this exerciso of Healitj 
m ciiilj iiofiseioimly and wortfiily carried out 

Agiiifi, I tfiiiik Fmfeasor Virchow’s position, in rej 
iii# i|iitiilioii of cimiayium- animuium m not altogo 
I of t«i« philoioplty* He poia;li to the antiquitj 
flootriiio. **11 i« he myn^ "*in the darknesf 
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t<i diflerinit iiiiiiilH, Bj miiiif' 
iiiinHcul witii n to iitliew will 

of ganiiiB on lha pnri of tliom) < 

Tln'ra ara inaig ami tn-» thi 

Itowawr waulthy in n'garci to fai'fe, nii 
tha ragion <^f prinaiplfH; atnl tliay lira ^ 
ant of thona wln^ ann. Thaj iir«' foriiitnl 
ouhIj <»n ilia lowar lavolj>4 of ihtnight, ii 
pinioim nacn^HHury to raaah tha 
iy*i! tha inaiital Hi*t— ilia aat of itnipiniinin 
cmllatl— hy wliiah a liniu i4 gaiiiu:'i, iilta! 
anti proving, rt^aalian a ilnH>ratir i*t»nraptii 
liiui illuiiiiimtaH tha inngla of caninriaa <i 
axpt^riintniL Tliara ara ininiiit, it miiy \m 
who at tha pn^mint inoniant atiiiiti in llr 
Darwin. For iny part, I alioiild Im iiial: 
panttoition rathar than to praHtiinption 
mmiaffium anitmUum. Ila wht> invanicHl 
I think, to l>a halt! in aatnam; for ha hi 
cHiiintity of faat, anti tlia tneiaiirci of iitii 
juitifj a man of gtnnii in tekiiig m 
arthekaa/’' mjn Proftsmr ¥ircihoW| **ii 
thmnghoiil a long tiiua t4> tli«i*oV'ar ill 
of dimMiita. Tha aixtaantli v.mtlurr did ii 



pm-iFicssfiM n nr HOW Am mvolution 


likij tJiii tiii4ti!iitury lluHiry, liii« hmn ti niotiYe p 
tml iiii “At liiHt/* wiiiintii^s Prc)f< 

i4i*iWj **iti ihr iiiiirtrriilh ri^iitury we liiive bt^guii 
hf tillle p'lilly !u liinl cuuhujia ummaitu^' Bo u 
iiiiiri' !ioiior» I iiifi^r, in «luo to ihmQ wlio, three < 
14 ill i4ii juit together tliii aiul iiuah 

iliHi'iiwo ii:4 to thviiio iiH Foc^ imd eluiru 
Virehiiw to depriHUilo the “olmtiiii 

I wliii'li of u aniluifutin vivuni eniei 

« I iilmiihl iiol bii iiteliiiinl t<i ftillow liiiri; beimu 
not know, nor iloea hti tell tmi, luiw nuirli the tlii^ 
of fiitifi ill tliii oeiitury in lEikhtcHl to 

iii!iiii tlerived from iho llioorotki diacioaiotii of prc 
riiiiliirieK. Tim geiiofiia of aoitmtifk iclaiii is ii siil 
irofoiiiiil iiiton^st aiul imprirtiiiHm. Ila would ho I 
r |i|iiliiio|i!i«m who would iioYor olioiiiistrj i 

of III# ttlolioiiiwbii wlto womM. dotwli moi 
111 © dr«lriiit^i from tfet ipooulatious of Lucretius 
fmimnmmm^ or who would okiim for our pmi 
wlmlfo of iKiiitagia im origin altogether indepenc 
I© rfTorts of our '‘fonifathm'H'' to penetrate this enig, 


^iiiiilly, I ilo tml know thiil I should agree with I 
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of growth; and had thoy to Hpoak of tl 
they would ho ahlo to imnimmm an arior: 
iiig of tho thoorotio lihro. Fii^guros in 
then oxiHted, and wlucli loft littla hop 
Bpannod^ havo Ihhui ainoo fUlod. ao 
tho tluKuy in Umkul tho inoro fully d< 
with progroHHivo oxporioneo and diacK>\ 
probably novor fill all tlio gapa; but tl 
vont a pmfound boliof in the truth of 
taking r<K>t in tho gonoral inituL Muoh 1 
a total denial of tho theory. Tho man oi 
BuniOB in Bueh a chbo ilui ponititm of a 
bo HtraiultHl ami inolatotL Tho proper 
opinion, is to give to tiio theory during 
gmwth m nearly m po^iblo a pmjmriim 
if it l>o a tlioory which influeiictii priwiic 
to follow itH probable BuggoHtioiiH wln^ro 
ability in for tho inonnuit unattainiddo. ' 
tho th«a>ry of mntafjiuM piimm inoro - 
inindi and inuat regret the iitiiiinlo of dt 
Froftsiior Vimhow towaitl lliiit llioory, 
friend Kklm to pardon mo/* lie iayij 
ing tho liibi advaiH*«*H iiiado by ilm dooti 
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i»> Ihs ilirtfovt'rcil, it jh jour boumlen duty 
it," I should furdiftlly Hgnjo with him. Bti 
roftorvod di'iiiul lio ijuoiuOii'H tlio light of prol 
ouglit t<» gt))«U> tht» of tho iiKsdical 

lu'ri' mill ill ri'hition !o tho thoory of ovo 
i»j«ui OHO niilo hiiH IwgotUm oxoofiH upon tho 


mlglil !»¥« Viwhcj 

III fir Urn miuwil ^ U> Imi rtt«trlcUiii by ilic 

III iiii *4 fir. lliNW'iiftl, lii y« mwiat dfecmirwi iipcm il 

.utiij mmm*m ili# “Wbmi In th® mnlM^umV* to Iti® 

•*Et i|ii® h wiiiitiiiftif A mm% Afli, ranalo^t ii 

um immll il gr»tt4t «» fwooW# p< 
iiii wrfwiiiti® qul I© pinn# do Fftffi 

|trfeiii m% II |wi ditrehd 4 m»f©r wt -wi^iino©.'’ 
HiUttt/* llar^b, lilt. 
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TICK Khucvum htmm^ 

T he Bubjcot of ihm ovotung*« cliHcourwa 
by our kto hatmmry mHimUiry/^ ‘'Fh: 
biyi for mo own ooiiui^faiitiiia 
lUfiong oihvr tlu^ foH.H o| a eumriMlo 

I liavii wt^rkinl for ilurtoon yoiux On llm i 
grot m not witlmut ite o|i|Hmito in ilio foolii 
£ tia?o aoori litm rt»o by alioer irilrttiitci itin 
intn!loc*.tual, to tlm litgliuat oflloiii! |iositkMi 
tlio- powiW of Kuglish arJotHH* to brniuw. V 
ooiistiiiit tloairo ninl pnu‘ti<ni worn U* proiiiot 
mul o,.xtontl tlui u8ofuIiu*aH t^f iliiH IiuHtitutiin 
ill a tiiiui wlion ilto ligltl 

piililio tilteiitiorii It fow ioiiriii iiotiotm rogiin 
morti |niridj aoiontirto aiiloi itiiglit, to tim? 
OXpro.Hi^ioik lat “plnulrir^ ill tho iiiiit 
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, ri'f* 0 »ting Volta’H oxporimonts, and extending the] 
!jy wayn. Tlio light and heat of the voltaic oircni 
•1 »h 1 niarktid atUsntion, and in the innumerable tests 
1h ti» which thi« (juoHtion wa« subjected, the utilit 
liiiimi iiinl (sharcnal as ineana of exalting the light 
all liiindH recogniswRl. Mr. Children, with a bal 
(owaing in Htnmgth all its preducosHors, fused plati 
cs I'ighU'cn iiudHis long, while “points of charcoal 
•cd a light so vivid that the sunshine, compared 
n|i{)cared feeble. ’’ * Such effects reached their cu 
ion when, in IB08, through the liberality of a few n 
s of the Ht»yul Institution, Davy was enabled to 
»«t a hatu^ry of two thousand pairs of plates, 
icU he afterwar»l obtained calorific and luminous ef 
tratiWHUiding anything previously observed. The 
flauie between the carbon terminals was four in 
g, and by its beat quarta, sapphire, magnesia, 
(% were ineltod like wax in a candle flame; vs 
prients of diamond and plumbago rapidly disappe 
if reduced to vapor.* 

The first condition to bo fulfilled in the developr 
heat and light by the electric current is that it g 
ounter and overcome resistanee. Flowing throug 
^M!t conductor, no matter what the strength of the 
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A rt>tl 4if iiiin^iii^iiriM riirri*'.^ iiit;i^i 

itiiiinriiit^*! fin i4liinwj*ltrrH'^ ft^r^r'liariii* r<i|ii 

l«i #^|*lifit*‘rii II rrvnf4liii|.f itiik, I lln^ ^ 

ilirtiiigli 11 ivir«*^ %%i ulirrii-ilr |i 

iiii4 |4iiiHiitf^K fnlvr-r iiifrrn liilii^ t'l'Hi 

imui inurl^ ^ l^iinirn in lli 

hi t«i it wintn li» ,4f, m lul*^ llm gilvi 

Tla«* Ifittitl willl ri’gli 

fur lln^ |irti<ltit!tlft!i 

i'l&firt, Tlii^ itit«’r¥ttl Imiwri'it lli«’Mi ♦•ilr'iM 

inpliirim l«i lliii ih%^ I'urmii, i\ 

|*;||1 .*“ 1 ’ Mil*' n|» V 1*1 ! 

itilrjw4 iImiI ll'**’ inirrtnil in iii}!i^ I 

l.»4iii iiilii lliiii HmU* «if iiil'i*nliiin 

«m 4! lirnl, lititi 1*1 wliiitti iln tillnluini 
* ‘t f 1 1 H i 1 1 ! ^ U t«t 

ll^r' jn.n,lM jUM’ llr:?! I'f-MlI 

fl'irti — 1 , 'LriWf'rll llirl 

" :M ‘ Mr -1, r M I |M; 4 |!*"r wIm-'Ij *',11' I' H ‘ , Ilf fjMM 
I i i ! ( (5 H I"'* ‘1, - , :i 3 I 1 IlfJ 111 /' 

fr^nii lllit riirlMiiiA* ^11 

O., ! I i:j wiili II Imti*? 


For wvMntjr y«iirH, thoti, we have been 
t»f i\uH light without applying 

niiiHiliiin of otir atrut?ta ami lummss. Such 
auggonU'd Uunnaolvoa at the outaet, but thei 
tliflhniliii's in their way. The first diffloult 
tin* wash* of the i'arboiirt, whieh are tlisaipab 
oriliitiiry i-ontbustion, ami in part by tli© ek 
of luatlor from the one earbou tt» the other. 
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wiiriii tlia iiir. Tha zhm Inirtw at lliii fact: 
flaiiia, and wo mmUl roiolilj «lot4ir!iiiiit! tliti 
gmwmUnl by ilM oomba^tion. But «mii 
cuily in air, liui in !if|Uiil«. It ia lliiii bur 
ulat4n'l muivr in pourt**! <ivor it; it ia sikci 
tbn Viiltaii* l«ittory» Iloro^ bciwovor, tci cj 
ptui iitH’innaHry b»r itn ooinhiwtitin, ibo yitio 
tlio bytlrogoii with wtuoli itiii cixygnii li i 
oufwi'tjuortoi! m that tbo Itimi liiio tci th«^ 
|}ii3 moliil ill tho Utjuitl fiilla atun't «»f lluil 

lli oriitilitiaiiiiii ill iiir* by tin* tfniinti 

tlio nxygrii fmiu lilt' hydrugtui. I 
i,if t}ii 3 iiitail hi»at aro uaotl u|i in iliia iimloi' 
iiiicvllfili roinainiug Ui wiirtii tbn liiillifrj, 
roniilini tliiil wo iiinal iniw tiK ciiir iitteiiliati, 
iiiii t»f It ibai Wfi liiiiijufjiritiro ciiir iikiolrio 
ytiii 111*0 tvvu aiiuill vullaii* biitirr 
onotn Tltii two orula of <*110 of tlioiu iiro tii 
<’ii|ijirr wiro, whilo iuUi tlio riroiiii of tij 
jiliitttiiim wirii m inirotlnriMb Tfin |ili 4 ltiiiti 
wiitte tiiml, wliita Um oa|i|Mir wtr© m ii«l m 
Mtm flit citirioo cif liko an iif 

Ilf till r#iiii|tli*fo i-oiiibuHtnui iit iiir 11 c’iulh! 
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Bukh Om 0 f Ihti fiiiiiinitMiiitel tnitlm to be 1 

in llifil lliii nmii cif titii foreign and clomesti 
k^ritiil fiiiti tnysriiiil— liimln in liEocl and inviiri 
lo liiifo lioat oiitniilii, y%m iriiinl draw u|K)e * 
ill* Ttiiinn r«nriiirk.ii npidy to tho olootric li 
iif iilootrio tmrrent tho mo 
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mained separate, had no circuit through 
pass. The current here evoked subsides 
heat; this heat being the exact equivaler 
of effort Just referred to as over and abov 
to overcome the simple weight of the c 
coil is liberated it falls back to the tab! 
ends are united it encounters a resistance 
that of the air. It generates an electric 
in direction to the first, and reaches the 
minished shock. The amount of the din 
rately represented by the warmth which 
current develops in the coil. Various d 
ployed to exalt these induced currents, a 
instruments of Pixii, Clarke, and Saxton 
spicuous. Faraday, indeed, foresaw tha 
were sure to be made; but he chose to le 
hands of the mechanician, while he himj 
deeper study of facts and principles. “I ^ 
writes in 1831, “been desirous of discos 
and new relations dependent on magnet 
tion, than of exalting the force of those i 
being assured that the latter would find 
opment hereafter.” 
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house, and apparently three or four times 
horizontal plane in which they chiefly 
made all above or below it black. The i 
the churches, and the houses illuminated 
ing in their effect upon the eye.’’ • Furtl 
port he expresses himself thus: ‘Tn fi 
part of my duty^ I beg to state that, in r 
fessor Holmes has practically established 
sufficiency of the magneto-electric light foi 
poses, so far as its nature and managemei 
The light produced is powerful beyond i 
have yet seen so applied, and in princip 
mulated to any degree; its regularity i: 
great; its management easy, and its caj 
confided to attentive keepers of the ore 
intellect and knowledge.” Finally, as ] 
duct of Professor Holmes during these m 
ments, it is only fair to add the follow 
which Faraday closes the report submiti 
Brethren of the Trinity House on the 29t 
“I must bear my testimony,” he says, 
openness, candor, and honor of Profess 
has answered every question, concealed 
explained every applied principle, given 
a change either in this or that directior 


Tim umiT 


i«0 liit#! tlif^ eouriigc til fHteblish the 

i»‘« firf ili^ltiir^ |«'r«mri«ilty iit IhingimasHj. where 
!i|jt il tm^iini^huiwi t4> Hhiiiii fcir many y 
the Alliimee. Com] 
i In Ekixnf Holmeii^ Inniig in various ’ 

erf iiiiirkrnl i!fi{'tr(iv**i'ii»t 1)1 <»n the hitler. Ite euD 
e ulrniiger iiiisl tU li||l»t wan brighter ihiin thone o 
bteennnr. Ill It, ver^ the eomintitaior, the f 

mill t{e»iriieliniB Ilf wl'-melt Wine nouriHm of irregul 
dt»Li’ri«.iriiliofi in t"i)iiohiiM‘ of wan, at 

^iMlicin rif li antirely iibamiomii; alto: 

e-iirt^nitu iii.ftl4nii| nf " liireet mimmt haing emplo 
ittoiliflwi t»tii liirnp with the exj 

f of eitiihliiig i'i ti with iilternaiing curn 

'iiig llit^ liitomiilb ml Kxhiletion of lHfl2, where 
hiito wiif4 ulmwfi, W. 1 inrliox offoreil to clkpoae of 
III itie Kltlr:.w lirtilhft^fi of the Trinity Ho 
*y r,.f,trret| tlip nirwtlpr to Fumfiay^ mul he repliiM 
rtWi: mm milt swiir*^ that ifm Trinity House autl 

Itif e tftf an to lie iilile to decide whe 

f will foiffiifc* mngriei«M»!e«^trie machines, 

>|lttir» if they nljinnlil majuire them, tiny sec reasoi 
t^t m»mm of? ^mr impplj in this country, f 
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Trinity House, determined to have the 
apparatus, decided, in 1868, on the intrc 
chines on the Alliance principle into the 
Souter Point and the South Foreland, 
were constructed by Professor Holmes, anc 
tinue in operation. With regard, then, to 
of electricity to lighthouse purposes, the ( 
was this : The Dungeness light was introdr 
31, 1862; the light at La Hfeve on Decern 
nearly two years later. But Faraday’s ei 
at the South Foreland preceded the lightii 
by more than two years. The electric ligl 
established at Cape Grrisnez. The light 
Souter Point on January 11, 1871 ; and at 
land on January 1, 1872. At the Lizard, v 
newest and most powerful development 
light, it began to shine on January 1, 18' 

I have now to revert to a point of i 
moment, but which really constitutes an 
in the development of this subject. I re 
given in 1857 to the rotating armature 
Siemens, of Berlin. Instead of employi 



462 


FMAQMmm OF BCmNCE 


liatwtHni tli6 Toltiiio liiiiterj iiihI ite gmim 
aliH'tric currii!it m ic> nil iniiintti aiiil pii 
wlibh tmunporte llitj htmi bcitli <if iiiuhhIi 
aiij tliHkincio from tlio htiiirili wlicirii tlio fi 
Not only m tho ountmt i% mo«miiigori Imi 
biiHilhir of magioal powon Tim 
ia, in roiuul iHimliora, liH)*’’ Fidin, nriil ll i 
lumtion of ihm boat iluit ono of tho tiitwi r 
al«j whieh rt‘t|uiroa a lirui of Fnlr 

boon rtHluooil t«i tlm molton ooiHliiitnu 

Zi.no, m I liavo nnid, ia a fuol fur loo o 
mil tjf tlio oltH^trin light proilticmd by ite 
naoil ft».r tho common purfioaon o.f Iifti, iititl 
liimmivo Itiiit tlm biiiiiiiii mtmoloa, or mm 
II liorwi, would bo inoro oxpoiniifo iiill 
wo mil mnplciy tho foroci of burning eoiil 
oliiiH% and it in thin rmphouiiont chi 
rornlori’d |HmHil»Io l^y Fanida}''*^ di,srin't‘i 
out to UH tho pnnHpoci i>f being iildo to a 
light to jiublio mm 

Itt 18011 ti groat step m t!i« iiitoiiiiiiloi 
tuirronlrti ami ilia tauiHi'ijtioiil inigitiontiilioii 
ok'oi r io 1 1 g 1 i t, ia !v t * 1 1 ! Mr, H i • 1 1 ry M 


TffK F.t.Ki'Tliia LIGHT 


limj mrmnU mm' obtainoa vtiHtly stronger than i 
u'ratisl by tbo Hiiiall magneto-electric machine. 1 
nmtu might have Imen immeaiately employed to 
the olfetrii! light; btit jnsUiad of thia they 
i.hirleil roiiml a setamd »aeetro-njagnet of vast 
wt'i'U wlioae poh^a rotuti'a a Siemens armature of 
[(otiiling ilimenrtioiis. Thr<*e annutures therefore wer 
ved in ihia w’ries of operations: llmt, the armatuJ 
sttuill iiuigjieto t'leeirie iiiaelums; stse.oiully, the a 
* of the fiwl elw!tn»-magiiet, which was of eoiisidcj 
i; and, ihmlly, the nrmattire of the hiu-oikI ('le.etro-i 
whieli was of Viiat dimensions. With the ctin 
wn from this thin! armature, Mr. Wilde obtoiner 
s, l«»lh as n’gards heat aial light, enormously 1 
tditig those pr«'vii>us!y known.* 

[iul the fljsi tivery wlach, above all others, brought 
•lical ipiiwttoii to tile fnuit is now to be conside 
the 4th «»f Keltniary, 1H«7, II paper was received 
Hiiyiil from Br, William Siemens bearing 

^ ibt! Cliiiivt^rsiim of Djmimio into Electrical J' 
iiilll flic use of Pcriiianant MagiiiiJsm/’ ** On the ; 

Mr. pttWWt#i ftt tii Tmasiwtiotts’ 
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of Foliruarj a pa{.>ar froiij Bir Cliarkis W 
e^nviul, beiiriiig the *‘Oii tlie Aiigi 

Fowar of a Mmgnefc by ih© maoliott lb© 
iiuluaad by lb© Magnal Bolli pn 

With tiui wiiii© ({inaovaryi imcl wlikili wa 
axparimaatHj wara raad tipcm tli© »mim 
Util of Fabruary. Il wortlcl b© cliflleu!' 
whola Halil of Patana© ii tticiro baaiitifttl m 
t4n%*u5tiini of tiiituriil forcai ibtin Ibal i©t f 
pii|H.uu You ©a© Imrclly Hiul a bit ih 
bardly plak ©p an obi homn'^iioa, for axi 
©ill 11 traaa of |'HTiuiiiianl itiiigit 

miah Ii wnall liaginning Bitniiaiw iiiul 1 
liingbl m to rina by ii ttarian of iiikiriioliti 
flat lou! armatur© ii ttingiialio 
iipproiu-binl (biiiaaiva 111© Biiimtiii armi 
twaari tho pub^H of li auitubla ab‘«’iro-iii 
llita liitter iti ptinnaHH at Htariing ilia fiiiirt< 
!iaiii4iii; whan tha liriiiiiltirn aitrrt 

iiiid utraiigtb nra gananikHl in ite atiil, 
tliiil 001 1 l>© connaalail witli llit wir© 
i»lt*atrfMiiiigtiat Tha iiifliiikwttitil eiirra 
t!ia iiriiiiitiira %vill than rtraiilnlo roiiiifl t 



THE ELEQTBIO LIGHT 

Y this play of mutual give and take between ma| 
id armature, the strength of the former is raised i 
iry brief interval from almost nothing to complete n 
itic saturation. Such a magnet and armature are abl 
nduce currents of extraordinary power, and if an e 
ic lamp he introduced into the common circuit of n 
it and armature, we can readily obtain a most powe; 
jht.* By this discovery, then, we are enabled to av 
e trouble and expense involved in the employment 
rmanent magnets; we are also enabled to drop the 
^ing magneto- electric macliine, and tlie duplication of 
jctro-magnets. By it, in stort, the electric generatoi 
far simplified, and reduced in cost, as to enable e] 
city to enter the lists as the rival of our present me; 
illumination. 

Soon after the announcement of their discoveiy 
mens and Wheatstone, Mr. Holmes, at the instance 
5 Elder Brethren of the Trinity House, endeavored 
•n this discovery to account for lighthouse purpos- 
ready, in the spring of 1869, he had constructed 
chine which, though hampered with defects, exhibit 
raordinary power. The light was developed in t 
us of a dioptric apparatus placed on the Trinity Whs 
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of Holmes, towever, was rapidly distance 
and more powerful machines of Siemens a 
As regards lighthouse illumination, the 
ward was taken by the Elder Brethren 
House in 1876-77. Having previously c 
establishment of the- electric light at the 
wall, they instituted, at the time referred 
series of comparative experiments wherei 
of Holmes, of the Alliance Company, of I 
Gramme, were pitted against each other, 
and the Gramme machines delivered dtrec 
those of Holmes and the Alliance Compai 
temating currents* The light of the lat 
same intensity in all azimuths; that of 
different in different azimuths, the disohar 
ulated as to yield a gush of light of spe 
one direction. The following table gives : 
dies the performance of the respective ma 


Kame of Machine 

Maximi. 

Holmes • , • • • 

1,523 

Alliance . • « • • 

1,953 

Gramme (Ko. 1 ) • • • . 

. 6,663 

Gramme (Mo. 2 ) • . * • 

. 6,663 

Siemens (Large) . , • • 

. 14,813 

Siemens (Small, No. 1) • 

. 6,53S 


THE ELECTRia LIGHT 

TIit'tMi cltiteriiiitiiiiiuim wore made with, extreme care 
;ttriM3j lij Mr. BongliigH^ the eiigineer-in-cliief, and 
mm, lliii afiwiHiafit engineer of the Trinity House. I 
ititieiiilj iiii|Hii4Hiblo Ut eomjuire photometrically and 
tly tliij fliwne of the eattille with thcBC Bun-like lig’ 
light «if inleniiedtuks inUnmity^—that of the 8ix-’v\ 
inity oil theivforo in the first instance c 

Mnl with i\w electric light The candle power of the 
rip Indfig iiflerward dett^rinliKHh tlto intciiBity of the 6 
1 Icnowin The luimhers'given in the ti 

ivii iliii utijM'rioriiy of the Airmnee nmulnne over 1 
lliiliiirii. They jtreve the great superiority both of 
iiiiujic liiHchine him! of the muall Siemens machine < 
I Alliniic'c, The liiiye Shitteim machine is shown 
'hi 11 lighl fur tmeeedlng all the others, while the c<.. 
i.f i«f two Ciriiimiies* or of two SiemenB together, 1 
r'l'!*’ I f. .f ilic fio>t tim«s was followed by a very g 
inmmimthrn of lliri light, rising ill the OBC case f 
critiilfr*;! t4» 11, thill, uml in tlie other ease from fi 
ivllrn In Where the arc is single and the 

iifi! small, grout lulvaiilages attach to 

firiii’iin light 

iliis which was coiidiioted throughou 

««!* fiifititior. inuciliiiies of tvpe 
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Jablochkoff candles on the Thames Embai] 
the Holborn Viaduct, delivers four currents 
through its own circuit. In each circuit i 
through which the current belonging to the 
in succession. The lights correspond to s< 
ing spaces, over which, as already explaine 
has to leap; the force which accomplishes 
that which produces the light. Whether th( 
be competent to pass through five lamps in 
to sustain only a single lamp, depends ent: 
will and skill of the maker of the machin 
guide him, definite laws laid down by Ohm 
ago, by which he must abide. 

Ohm has taught us how to arrange the 
Voltaic battery so as t5 augment indefinit( 
motive force — ^that force, namely, which ur^ 
forward and enables it to surmount extei 
We have only to link the cells together sc 
rent generated by each cell shall pass tl 
others, and add its electro-motive force 1 
the others. We increase, it is true, at the 
resistance of the battery, diminishing therel 
ty of the current from each cell, but we augn 
of the integrated current to overcome externi 

rt-F Vvri t ■» 




rarjT RLKcmiv light 

lh« «wi 4 of tfiia wiri'H, tlio convolutions of the rota 
iiiianro h«, It jiH.iiiont ago, we augmented the cells of 
I•nlu•^v. Kiioh nddilional convolution, like c 
.111). .Hill ooU, ihMh itM flfutm-motivo force to that of 
I' other!*; luid t!)t»»gh it uIho adds its resistance, ther 
tdiiishiiig the inuuititv of eunvut contrihutod by e 
rividiiiioii, the ii.tegraled euinut heeotnes endowed v 
< j'liwor of Ifiijiirig across llm successive sjiacos ne 
'V for the |.iodtielion of a series of lights in its cou 
m i'i>rn«nt is, as it wore, rendered at once thinner 
tro j>i« reing l»y the simultaneous uildition of internal 
Isnee and eh-. iro.|iiotivn jiower. The nundiines, on 
t»'f hand, whieh jiroduee only a single liglit hav 
all iiiii-rnal rt-fdiiiain’e n.Msoeiated with a small olee 
• tiiio force. In sneh maehines the wire of the rota 1 
«»! lie IS i*o}M|iiirntivt‘ly short and thiek, copper rib 
leud of wire hiiiig coianH'nIy employed. Such : 
He s d liver a larp^i tjuanlity of electricity of low l 
in otl r uord.s, of low leaping power, llei 
Mijdt n.eip* lent, when their |wiwer ia converged u; 
n. le ill'.* Hid, to produco «n« splendid light, their c 
il l aie oieilde to foiei* a pus.-<uge. when tlio luunbei 
eii.ils U inenawih Thus, by augmenting the eon 
i.ois our inaehfiioii w« aaeriflco nuantitv and g 
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we want to obtain in the same circuit sev 
. moderate intensity, machines of high intei 
and of correspondingly high electro -motive 
be invoked. 

When a coil of covered wire surrounds i 
the two ends of the coil being connected t( 
alteration of the magnetism oh the bar is ac 
the development of an induced current in 1 
current is only excited during the period 
change. No matter how strong or how weal 
ism of the bar may be, as long as its cone 
permanent no current is developed. Ooncei 
pole of a magnet placed near one end of • 
moved along it toward the other end. Du 
of the pole’s motion there will be an incess 
the magnetism of the bar, and accompanyin 
we shall have an induced current in the sur; 
If, instead of moving the magnet, we mov^ 
its surrounding coil past the magnetic pole, 
teration of the magnetism of the bar vrill 
similar current will be induced in the coil 
here the fundamental conception which led 
to the construction of his beautiful machine 
at giving continuous motion to such a bai 
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ring llovviul in opposite directic 
1% il Wfi« eiis}% liy tlio inedmnical arrangement calle 
riiimitiitrir, til up ilto currents and cause then) 

If in lliii ^aijiis clircctiinu Tlit^ first maeliines of Grami 
fiiriiinlu^d iUrrH ourrents, similar to those y id 
itiii yfillnio pili\ M. (tramme HuhBoquontly so modi' 

I iitiiiiliitie ns lsi {ifodnee alternating currents. Such 
tiiilitig i!yir}iim‘ji iirii employed to produce the lijj 
If iixliiiiitrd rm tlio Ilolhom Viaduct and the Thai 
nlmfikiinmi 

.Aiifiliir f iinndiim! of gmit jdhu/cd merit is that of 
niiiii. It r*'t 5 ri!i!.!rs ill sliapo a lootlu'd iron wheel, 
111 ir-H'd m cu^roH, rtnmd which arc wound coih 

l»pr-r iviri% wh«»cl is I'uused to rotate between 

piili/rt t*! powerful cdfctro-magnciH, On pass 
.‘li poifi ilif^ e^.o‘e or tiMith is strongly magnetized, . 
aiitiily io surrmuitling coil an induced < 

111 1.^ eorn^^piififliiig ^tnuigilu The currents excited 
!o jiitd rtqriuiting from a polo, and in pass 
fh'rriii in opposite directions, hut hy me 

II r- 4 ir iiiUitor llicse ccmflictitig idectrie streams are gi 

♦■4 lip iisi’I to llow in a Ctuninon bed* Tlio 1. 

iirij in flu? i*itrr«iiU« are induced, can be so 

',^^■4 ill iiiiiii!*cr Si lo ftiigmoitt indeflnitoly the powe, 
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Tho Fariner-WallHt*e tiuieliiiia ig algc> mi 
great power* It conaiatH of a eoiiiirmiitioii t 
mduced curreutB, and of iiidueiiig eliH’trc: 
latter being excited by tlio inetliod digeoven 
find WheatBii>ne. In the inatdiinea iriieiiiltii 
duotion of tlu^ tdtn‘trie liglib the ideeiro-intil 
great an to |H'rmit of the in trt)d notion of mr 
the game eireult A ptHudiarly novel ftmiure 
Wallace gyrttem ia the ghape of the carbon 
rodg, two large platt?H of earhoiii with ln've’ 
cnnployed, mm above the tnJter. I'he vU>v 
ptiHgeg from edge to etlge, nml Hhifin itn jnigi 
an the t'lirlnm in diHHipatod. T!i«t duration i 
thin cage far extannlH that iibtiiiiiidile with 
inygelf geen four of theaw lighta in the gn 
M.r* Liid«ri workahop in tlu! (hty, iiiiil l!ii 
believe, emjdt»yt*d at the Idverpool Sire 
the Metre jpedi tan Railway. Tie* Faniirr-W 
lily inaehine'^ poura fortli a tlootl of elm* 
tc,^iiHioii. It in unable to erogg the iiitn 
for tlie jirmhieiitm t>f the eleelric li|/hti b^ 
thick ec'H»per wirna* Wlitiw wiiil tliroiigh 
of iridium, thia refriietory iiieliil eiiiila it lif 
diiiiirj gpleiiiiord 
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I tiii* iimgfii’tH of i1h^ Alliance Company 
ili'ipMsiiioii of liiH lH>l>lnnH, M. do Mcritens | 
imigiirtH a light equal to that produ 
iiHiriioni iii ihti Alliance nniclnnoa. Wlu 
Oi <Mip’ir4 in «u4y iun^-tUili, the cost ib litt 
oiM-f*»urili fd iIh^ luitr*r. In tlu^ Do Mori 
th*” « iHiinmtator in ahuliHluaL The internal 1 
fiinl tliu ahaurptitm of povven*, in re 
produiM^h in amiill* With, liin larger 
lie Mih'iiefifi inaintaiim a eouHiilcraldo iiuni 
in fho unme elretiit.* 

In ri’liitiMn to i!ii« wuhjech inventors * 
ihs' coiitriverH of regtdaitU'H and tie 
$4 iiiUi-liiu«-% M. KapielT Inw luthert-o Lolon 
iMfii *»f the Iiri4 eluBH, hut 1 have reuHou to 
s?4 *»fi a njachlne which, wlnut comp! 

ill ill ill !!iii iillior ctliw^ iilso. luHttmd of two 
r*i4?n M. Kapi«4T employs two pairs of ro 
hn-iuiiig II V, Tim light is produced at tho 
lii*n iho four curlauis. Tho device for : 
h./hi in of thf^ simph'Mt characier^ At the 
wliitdi supports ihii carbons are two 
111. IK or is. Olio of tliotni wlicii the current 
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m 

Through tho liln'mlity of the j>ix>p 
‘‘Times,” every facility has been given t« 
<ievoIop and simplify hia invention at 
Sipiaro. Tho illumination of the prt‘SH- 
had the pleaaure of witnenning, Hnd«>r t 
M. Kapiidf himself, is extreimdy elleetuiii 
to the vyo. 'I’here are, I Indievc, live 
«amo eirouit, ami tho regulaUnn arc 
tins extinction of any lamp dtH» not e 
in-tion of tho other*. M. iiapioff has late! 
regulator. 

Many other inventors might hero he mi 
oneM aro ilaily erowding in. Mr. Wenh r 
long known in eonneetion with this suhje 
as lusgativM cariam a clisk, ami as posit m 
he has, I am nsaurod, obtained very Bath 
'I’hi' small resiHlams's bronglit into play by 
eiialilo Mr. Werdenuann to intnnluei! a is 
into a cirniiit truversi'd by a eurrent of 
eleetro-motive power. .M. Ueynief is aint 
a v«*ry Imantiful little lamp, in which tlio 
carlam rml, properly ndjiwtwl, i« mnwsd t« 
oumfereime of a earlsm wheel whiidt wti 
lh« p<lint The light is th velnprd at the j 
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or . uj,j.,.r. unit h_y ingonionBly discharging a 
fold WHt.T HriiiuHt tluj inU!rior of the cone. 
ro|,j..-r tlniH cuuHcd to remain fixed in sp 
"<,! the jmsitive carbon only nee 

I luiv.' B.n'it Uiis lumjj in action, and can be 

li#4 

I ftiiL'Ii! on U> othi^r inventions^ aclii 
tiu^re is wnnething bowild 
fr-rmi ni.nb ii{ ruiiHtrtn-iive talent into this cl 
jilif'.i ele<’!ri»'ity. The qtiesiion and its prosp 
illf"d day t<'i *liiy, a Hbmdy advunc^o 

|i*v. iird ill*’ imprnvennnit hotb of nuudiincB ar 
Wifli rreard In tntr puldie ligliting, I Htrongl 
tlial the elt*ririe light will at HO di^ 
tifr!|*h »oi*r gas. I am not ho sure that it i 
f»nr |Od », :i!o letiiHeH. Ah, howen'er^ I am auxi 
iir<«l‘pnse a wnnl here that could infhionc 
infiii.r'i in the degree, 1 limit nr 

gfiirrii! ;ifalmernt i»f opinion, 

»»iie inventor in particular btdonga the 
iind ih«' realiy'.Htiini of tlie idea, of cam 
liiifi r*^d-i Icirn away like a eaiidlo. It 
iifiv that I here refer to the jotnig Riiasiai 
Ill, .iff tfi^ two imrltoe mds iioritjrt 
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substance between them melts like the wax c 
The comparison, however, only holds good foj 
melting; for, as regards the current, the inanla. 
is practically inert. Indeed, as proved by M. ! 
Mr. WUde, the plaster naay be dispensed with 
the current passing from point to point betweei 
carbons. 

M. de M^ritens has recently brought out 
die, in which the plaster is abandoned, whi 
the two principal carbons is placed a third in 
of the same material. With the s-maTI De M 
chine two of these candles can be lighted 1 
they produce a very brilliant light.’ In the . 
candle it is necessary that the carbons should bi 
at the same rate. Hence the necessity for alte 3 
rents by which this equal consumption is secur 
be seen that M. Jablochkoff has abolished regn 
gether, introducing the candle principle in thei] 
my judgment, the performance of the Jabloch 
on the Thames Embankment and the Holborn 
highly creditable, notwithstanding a considerab 
light toward the sky. The Jablochkoff • lam- 
be added, would be more effective in a st: 
their light would be scattered abroad by tl 
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jiriijfiiKtHl rfinHtru(*tor^ uiul to talk the ma 
liifii, T!o^ Hiody <)f the inventor's mind wl 
tnit wiw alwayw of the 'highest inte 
jiariiriihirly woll rmainnlmr tlie impression : 

ui'ruHionH hy tin? late Mr. Darker, i 
iii.-iinuittoit innki’T in Iiiimlmth. This ma 
iintl the roason of it was not fai 
lonitr'r !iuw l•^'lmmolVlally lucrative the woi 
111' ^'^4 !h% lie would instai 

It to :Hnm iiiul realize the idtaia of a 
lif^ hii 4 an inventor’s power, and an inverv 
iii d'he late Mr. Boekar posse 

!*,.»« f-r 111 a very consideralde degree. On 
Ft.iiiirni, llrrgtiei, Suuerwalil, and others 
an eminent instances of ability of tl; 
iiumtii rriHinlflf' a liquid mi t!u 4 point of 
Siirivd bv a hint, crystids of eonstriictiva 
-liiiiodv ahool ihmtigli tfienn That Mr. E- 
liiin Hiimiive pt»wer in nt» common measur 
wliai bi^ Ims lilrtuiity iit^complisluid. lie h 
iiiiii Ui the rtdfiiionsliip. of facts and 

tlie iirl to ri'duce tbmn to novel and cot 
ijtifiii,. lieiieci thoU||ti liti iiiii thus far acoc 
iliiii we tmn mmgmm ti new in relati 
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lieat. From one end of a voltaic battery 
dividing at a certain point into two brand 
unite in a single wire connected with the oth 
battery. From the positive end of the batte: 
passes first through the single wire to the ] 
tion, where it divides itself between the bra 
ing to a well-known law. If the branches 1 
sistant, the current divides itself equally b 
If one branch be less resistant than the oth< 
half the current will choose the freer pati 
law is that the quantity of current is inverse!; 
to the resistance. A clear image of the proc^ 
from the deportment of water. When a ri 
island it divides, passing right and left of 
and afterward reuniting. If the two branch 
in depth, width, and inclination, the water ^ 
self equally between them. If they be uneqi 
quantity of water will flow through the more 
And, as in the case of the water, we may 
definite number of islands, producing an ii 
division of the trunk streaig^ so in the ca? 
ity we may have, instead of two branches, 
of branches, the current dividing itself am 
accordance with the law which fixes the re] 
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with thtt wiik^r-pipeii, the cii^ 
iiinl iii» will flow; hut if m 

iiiiiin, imwevi’r frum the lottery, he < 

the iiiljip'eiit wiiier- pipej^, the eimuit will be ^ 
ihe tt'ii! fitiw. our l)at 

(hi find our rod of ec^pper t<> bo 

thio llouHo^ II wire can he carried 

ml, II the budding, amd thi* current paHHin|i 
wire iiiiiy he riididu ided into any luimhcr < 
hriUielieH. whifdi rmiidto afterwani and returi 
wiiler j.upf\^ to the battery, dhie brauieli cu 
eiiipUiyeit to raim? to vivid liieuedeHcenee 
iiieni! like iriililun *»r one of in^ alloya, Itu 
liipjHal al one ptiuii^ fiur main may lie tappe 
dreil poinlii. Tim eurrent will diviile in Ptr 
woiii law, it#* power hi prmhiee liglit being 
by ii#i airengih. dhm proetiaa <tf divii^ion do 
If, If! eireidntioii n( the blood; the dtH‘trie : 
llit' oiiigoi|ig emrront n^prei^enting a great iirh 
jiipea eiirryiiig tlm return eiirrenl repreHeiitiiii| 
while the mk^riimduihi branched ropreaeiit t!i 
iifli hf which the Idooil diHtrilHikHl lliroug 

Tfiii, if I liiiiliirrttaiitl iirighb Mr. Edi» 
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the intricacy of the practical problem, I s' 
prefer seeing it in Mr. Edison's hands t( 
mine.^ 

It is sometimes stated as a recommendati 
trie light that it is light withont heat; b 
this it is only necessary to point to the 
Davy, which show that the heat of the y< 
scends that of any other terrestrial source, 
from the carbon points is capable of acc 
To simplify the subject, we will take the ( 
num wire at first slightly warmed by the cu; 
gradually raised to a white heat. When fii 
wire sends forth rays which have no pow€ 
nerve. They are what we call invisible rayi 
til the temperature of the wire has reachec 
Eahr. does it begin to glow with a faint, r 
rays which it emits prior to redness are all 
which can warm the hand but cannot excite 
the temperature of the wire is raised to v 
dark rays not only persist, but they are ei 
mented in intensity. They constitute about 
the total radiation from the white-hot platinr 
make up nearly 90 per cent of the emission, 
electric light. You can by no means have i 
carbons without this invisible emission as 
ment- The visible radiation is. as it were. 
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ill jiow«^r. The triui8|mfencj of tl 
iiiiil mi^udUihlt^ — of oiygen, hyclrogi 
iMtlifie, bromine, sulphur, phosphor 
Ilf lor the invisllho heat rays is € 

|li«. ill H proper veluelo, iociiut) cuts tl 

ilifitinii ;-4iiirp!y «iff, l*ut allcm.s the invisible i 
HUHK Bv tlissolving io<line in sulphur, Pro 
luiii r*’<**ujflv n4‘h«cl t<i the number of our < 
11 h* mixfun* riiay be made ns black 
ivhile reiiiiuniuir iniuspurent for 
rnv’e II v su**h tillers it is possiliU; to detach 
riivs from tlw totul nuliutitm, suul to watch t 
iiitiofi ;i^i the liplit increases. Expressing ‘ 
(rmti a phitinum wiri^ wiien it first feels ’ 
loiirli ^ wiiefu t!ierefort% all its mys are iiivi 
iniiiilif’f 1. llie invisilila riidiiition from tli 
ill ji hoat may be blH) or more 

by titii liimliiiitiofi or transformation 
bttriifious emission that we obtain tlic lurninc 
mrn fiiitifitiiiri their grouiut m tlm riecesEar] 
ami eoiiipiiiiiotiH of tiio light rays. Wlmn < 
enrieiiiiinitr^d. tlu*se piwerfiil heat riiys ciin pr 
iwiiriliiiil to tha mirrors id Arehimedei 
Ilf J%vnietwii. Whila ifteofTipfvfceril to orodnci 
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Iti i\m waj tlio. tlark riiya !'»j tlits 

carhoiiH ara c<»nvarU5il into light riiyi4 cif till > 
BO j)awarli‘HH ara i\wm iiuhaibla riiyB Iai tmv.ii 

l!ie ajo has baan jiliUHnl iii ii atniijir 

plaiiiHiin f«»i! U% liHghi mlnaBB., wifliitiit 
vianal irnpnwitui, bight f*»r light, w* dMtibi 
of haat. linpurtail by tlui aiirlioioA 

far h‘BB lluiii that iitipartAal l.»y gaa llaiiiim, i 
aiiUBa of thii BfiiHllar my.v uf ilia aarliuiiH, iiiiil 
parativo BiiiulltiaBB of tha qtiiiniity of fual **. 
gtv«ni titm\ It tB hIbo baraUHi' tha air 

tnit4» iIh^ nirboiiB it paai-irnlaa b lijiiiin, 
lara flsi^ llama ia li»wt'nHl by t!ia iitliiii.xi 
whiali fotir iiflliB of oiir iitliioaitlii-r 

whih-1 it innn’opriatrH aini llit^ ht^iil, 

in tha. foiiilniBiioir, lual ihia lowrriiig of ilia 
inrrt atinoa|iliaria niirogaii rmnlarp 
biiBtimi of Ii grautar nmotinl of gn.A i*.. |♦r«ni^l 
8liry tight. lu {liat. ihiUlgh tha .Htulaiarlil 
pHriid«o\i«’al| it IH antiroly InH’iillBa of im aia* 
tf:mi|w^ralitra ihiit tim alrairm liglil m* 

t4ii« thiii rondarp lliii |iriijitirlit*ii 

lo tioiidtimiiiouii haul graiitar iii Ilia alai'lfio 
otir hrigltbABi Iliiiiiai4. I’ho t^ln-lria light, i 
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.11, whose object is mainly iiubwtrial. It would be e 
il jin.biiltly iu muuy ciutos true, to say that the 
ni.< to ^nni knowledge, while the other wishes to m 
uii'v; itiii I jun jiersundutl tluit the mechanician not 
<(u<uitly merges the hojie of profit in the love of 
irl. . Memiters of each of thfsse classes are someti 
.rill 111 t.iwur.i ihoHo of the otlier. Tliere is, for ex 
Mometiiinv superb in the disiiain with which Cu’ 
Il ls over iliii diseoveries of pure science to those i 
|dv tiietn; “Votir gram! practical achievements are o 
' eiisy application of truths not sought with a praot 
.•(It tniihs which their diseoverers pursued for tl 
n nuke, impelled solely hy an ardor for knowlecl 
OHO '.vho turned them into practice could not have i 
, ••l■^•d them, while those who discovered them 1 
thef the lime nor the inclination to pursue them 
i.ra. iical n-Hiilt. Your rising workshops, your peop 
oiiies, your vedsfils whieh furrow the seas; this ab 
u-.-. UiIh luxury, this tumult” — ‘‘this commotion,” 
ul.i have added, were ho now alive, ‘‘regarding 
rtn.' light'*' -“all come from discoverers in Scien 
.ugh all remain strange to them. The day that a t 
-..rv tmters lins market they abandon it; it conce: 
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a nation to bear in mind that those practical 
which strike the public eye, and excite publi( 
are the outgrowth of long antecedent labors 
tinned, and ended, under the operation of a 
lectual stimulus. ‘‘Few,” says Pasteur, “seei 
tend the real origin of the marvels of indu 
wealth of nations. I need no other proof of ' 
frequent employment in lectures, speeches an( 
guage of the erroneous expression, ‘applied 
statesman of the greatest talent stated some i 
in our day the reign of theoretic science had ri 
place to that of applied science. Nothing, 
say, could be more dangerous, even to practi 
the consequences which might flow from 
They show the imperious necessity of a r( 
higher education. There exists no category ( 
which the name of ‘applied science’ could be 
have science and the applications of scien< 
united as tree and fruit.” 

A final reflection is here suggested. We 
us a small cohort of social regenerators — : 
thoughts and aspirations — ^who would place t 
of the scientific mind under the control of 
which should dictate to the man of scienc 
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ilially Fariulay lived in tluH ideal world. Ne£ 

!f i» eciitury Hgii, when ho lirat obtained a spark fi 
uii Osfurd don exprusned regret that sue! 
t' Mvorv .‘liMiild have been made, as it placed a new i 
•ilo uiijd.'m.-tit in the hands of the incendiary. To 
t, !i hierarchy would Inivo probably ad( 

rending Karuduy buck to his bookbind( 
ii h .a-i a ni'.re digniticil and practical sphere of act 
m pi-ddlinc with a magnet. And yet it is Farada 
iri; wbicti now shines nj.on oiir coasts, and promises 
iimnaie unr slrccls, Imlls, qnays, squares, warehouf 
i. {Hirliajm at no distant day, our homos. 
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